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AUTHOR’S PREFACE. 


Berweex the years 1888 and 1865 I published aix editions 
of the ‘Elements of Geology,’ beginning with a small 
duodecimo volume, which increased with each successive 
edition, as new facts accumulated, until in 1865 it had 
become a large and somewhat expensive work. 

When a seventh edition was called for, I was strongly 
urged by my friends to attempt to bring the book back 
again to a size more approaching the original, so that it 
might be within the reach of the ordinary student. In 
order to do this I resolved, in the first place, to omit some 
theoretical discussions which belonged more properly to 
iy ‘ Principles of Geology,’ and further to confine myself 
to examples of British rocks, wherever this could be done ; 
only seeking foreign illustrations when, as in the case of 
the Upper Miocene or Falunian Tertiaries, no.good repre- 
sentatives were to be found in this country. 

I therefore published in 1871 what was substantially a 
new work under the title of ‘The Student's Elements of 
Geology,’ and the success of the attempt has been proved 
by the steady demand which has exhausted an unusually 
large edition in less than three years. 

The present work has been carefully revised and cor- 
rected, with the addition of such new matter as the plan of 
the volume permitted. 
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I have also added a new and very important table 
(see p. 577) illustrative of the successive appearance and 
development in time of the different forms of animal and 
vegetable life throughout the British fossiliferous rocks. 
This table has been compiled for me by Mr. ETHERIDGE, 
of the London School of Mines, from materials which he 
has been collecting for many years. 

Among the numerous scientific friends who have ren- 
dered me valuable assistance in different parts of this new 
edition, I should wish especially to mention Mr. SeaRLEs 
Woop, Mr. Davip Forses, Mr. Jupp, and the Rev. T. G. 
Roynex, of St. John’s, Cambridge. 


CHARLES LYELL. 
73 Haury Sraner: 
February 1874, 


PREFACE 


TO 


THE FOURTH EDITION. 





‘Tis book was written by the late Sux Cuartes Lyevn in 
order to meet the requirements of those students who are 
entirely ignorant of the science of Geology. 

The work contained those parts of Sir CHartes Let's 
celebrated book, ‘The Elements of Geology,’ which were 
the most indispensable to a beginner, and was published 
in 1871. It was subsequently revised by Sir CHARLES 
LyeE.t in 1874, and he availed himself of the assistance of 
Messrs. Etheridge, Searles Wood, David Forbes, Professor 
Judd, and the Rev. Professor Bonney. 

A Third Edition was published in 1878, and it was 
the result of careful correction and revision on the part of 
Mr. Leonard Lyell, assisted by Professor Judd and Mr. 
Etheridge, sen. 

The utility of the book has been proved by the necessity 
of producing these successive editions, and, when the work 
went out of print some years since, a very great want was 
felt by students and teachers. 

The present revised edition contains the results of the 
more important geological investigations which have taken 
place since the appearance of the last edition, but the 
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original plan and character of the book are preserved. I 
have availed myself of the works of the distinguished 
geologists whose names have been mentioned above, and 
also of the writings of Professor A. Geikie, Director of the 
Geological Survey of the United Kingdom; of Professor 
Prestwich, of Oxford ; and Professor T. McKenny Hughes, 
of Cambridge. It has been a most pleasing task to follow 
the thoughts and to continue in the method of the great 
man to whom the science of Geology is so greatly indebted, 
and I sincerely hope that these pages may be as useful as 
thore of the original book. 


P. Mantix Dexcay. 
1se4, 
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i STUDENT'S 


ELEMENTS OF GEOLOGY._ 


Owing to a mishap of the Editor, it is necessary that he should 
ask the readers of this book to make the following corrections :— 


On page 582 of the list of British fossils— 

Place ‘ Class Rhizoy above the ‘ Order Foraminifera’ and 
“Class Spongida ’ below it. 

Remove the long lines which indicate the range of ‘Class 
Hydrozoa.” 

Below ‘Class Aloyonaria’ place ‘Fam. Pennatulide ’ with a 
line to correspond with the Kovene. 

Below ‘Fam. Helioporide' place ‘Fam, Favositide and 
allied Tabulate forms.’ Place lines to correspond in the 
L. & U. Silurian, the Devonian, and Carboniferous. 
Extend the lines of the Helioporida into the L. Silurian. 
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past, inhabited the globe. 

All are awaro that the solid parts of the earth consist of dis- 
tinct substances, such as clay, chalk, sand, limestone, ccal, slate, 
granite, and the like ; but previously to observation it is com- 
monly imagined that all these have remained from the first in 
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Or what materials is the earth composed, and in what manner 
are these materials arranged? These are the first inquiries with 
which Geology is occupied, a science which derives its name 
from the Greek y#, ge, the earth, and Adyos, logos, a discourse. 
Previously to experience we might have imagined that investiga- 
tions of this kind would relate exclusively to the mineral king- 
dom, and to the various rocks, soils, and metals, which occur 
upon the surface of the earth, or at various depths beneath it. 
But, in pursuing such researches, we soon find ourselves led on 
to consider the successive changes which have taken place in the 
former state of the earth’s surface and interior, and the caus 
which have given rise to these changes ; and, what is still more 
singular and unexpected, we soon become engaged in researches 
into the history of the animate creation, or of the various tribes 
of animals and plants which have, at different periods of the 
past, inhabited the globe. 

All are aware that the solid parts of the earth consist of dis- 
tinct substances, such as clay, chalk, sand, limestone, coal, slate, 
granite, and the like ; but previously to observation it is com- 
monly imagined that all these have remained from the first in 
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the state in which we now see them—that they were created 
in their presont form and in their present position, The goo- 
logist soon comes to a different conclusion, discovering proofs 
that the external parts of the earth were not all produced, in the 
beginning of things, in the state in which we now behold them, 
nor in an instant of time. On the contrary, he can show that 
they have acquired their actual configuration and condition 
gradually, under a grat variety of circumstances, and at mo- 
cessive periods, during each of which distinct races of living 
beings have flourished on the land and in the waters, the 
remains of these creatures still lying buried in the crust of the 
warth, 

By the ‘earth's crust’ is meant that small portion of the 
exterior of our planet which is accessible to human observation. 
It comprises not merely all the parts of the earth which are 
laid open in precipices, or in cliffs overhanging a river or the 
sea, or which the miner may reveal in artificial excavations ; 
but the whole of that outer covering of the planet on which we 
are enabled to reason by observations made at or near the sur- 
face. These reasonings may extend to a depth of perhaps 
‘twenty miles, a very fractional part of the distance from the 
surface to the centre of the globe, The remark is just; but 
although the dimensions of such a crust are, in truth, insignifi- 
cant when compared to the entire globe, yet they are vast, and 
of magnificent extent in relation to man and to tho organic 
beings which people our globe. Referring to this standant of 
magnitude, the geologist may admire the ample limits of his 
domain, and admit, at the same time, that not only the exterior 
‘of the planet, but the entire earth, is but an atom in the midst 
of the countless worlds aurveyed by the astronomer, 

‘The materials of this crust are not thrown together con- 
fusedly ; but distinct mineral masses, called rocks, are found to 
‘oooupy definite spaces, and to exhibit a certain order of arrange: 
munt. The term rock ia applied indifferontly by geologists to all 
these substances, whether they be soft or stony, for clay and 
sand are included in the term, and some have even brought peat 


passage 
herent state to that of stone, that geologists of all countries have 
Ree free cick pets cee torial tec $0 toiled 
LeU a cape aa i 


Tealian, and. 
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imarl, may bp wanting, one or more of them having thinned ont 
and given place to others, or sometimes one of the layers first 
examined. is observed to increase in thickness to the exclusion 
of other beds, 

‘The torm * formution," whiok T have used in the above expla- 
snticn, exprosses in geology any assemblage of rocks which have 

in common, whether of origin, age, ar composi: 
aa ‘Thus we speak of stratified and unstratified, freshwntor 
next marine, Aqueous and voloxnie, ancient and modern, metal; 
Iiferoua and non-metalliferous formations. 

Tn the estuaries of large rivers, such ss the Ganges and the 
‘Mississippi, we may observe, at Jow water, phenomens analogous 
to these of the drained lakes above mentioned, but on a grander 
scale, and extending over areas several hundred railes in length 
and breadth, When the periodical inundations sebside, the 
river hollows out a channel to the depth of many yards through 
horizontal beds of clay and sand, the ends of which are seen 
exposed fn perpendicular elif—i, Thess beds vary in thoir mineral 
composition, colour, and in the fineness or coarseness of their 
particles, and some of thon are occasionally characterised by 
containing drift weed, At the junction of the river and the 
wen, especially in Eagoona, nearly separated by mnd bars from the 
‘ovenn, deposits are often formed in which brackial and salt- 
water shells are included. 

In Egypt, where the Nilo is always adding to its delta by 
filling up part of the Mediterranean with mad, the newly de- 
posited sediment is stratified, the thin layer thrown down in one 
season differing slightly in colour from that of a previous year, 
and separable from it, as has been otwerved in excavations 
at Cairo, and other places," 

‘When beds of mand, clay, and mazl, containing sholla and 
cb aad are found arranged in a similar manner fn the 

of the earth, we ascriby a similar origin to them ; and 
aed ‘we examine their characters in minute detail, the more 
exact do we find the resemblance. Thus, for example, at various 
heights and depths in the earth, and often far from seas, Inkes, 
aad rivers, we mect with layers of rounded pebbles, composed of 
flint, limestone, granite, or other rocks, resembling the shingles 
of a seacbeach, or the gravel in a terrent’s bed. Such layers of 
pebbles frequently alternate with others formed of sand or fino 
sediment, just as we may see in the channel of a river desoond- 
ing from hills bordering # coast, whore the current sweeps down 
At one season ovaree sand and grave), while atanother, when the 


2 See Principles of Geitoer, by the Author, Index, ‘Nile,’ * Rivers, fe, 
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culloctionsof hones, were former examples. Volcanicanh iswafted 
far and wide by wind, and forms important deposits, many of 
which occurred on dry land. Frost dostroys the recks, and the 
relies are not aqueous in their origin. Moraine matter, the 
product of land glaciers, and the blocks carried by ice, or simply 
remaining as the relics of sub-sérial denudation, are considered 
under this group of adrial rocks. Many of these rocks assume 
the stratified form, and contain organic remains. 

‘Volcanic rocks.— The third division of rocks which we may 
next consider are the voleanic, or thone which have been pro- 
duced at or near the surface, whether in ancient or modern times, 
by the action of subterrancan heat, by water, and pressun, and 
these rocks are for the most part unstratified, and are devoid of 
fossils. ‘They are more partially distributed than aqueous for- 
mations, at least in respect to horizontal extension, Among 
those parts of Europe where they exhibit characters not to be 
mistaken, I may mention not only Sicily and the country round 
Naples, but Auvergno, Velay, and Vivarais, now the depart- 
ments of Puy-do-Déme, Haute Leire, and Ardiche, towards the 
centre and south of France, in which are several hundred 
conical hills having the forms of modern volcanos, with craters 
more or Jeas perfect on many of their summits. Besides the 
parts of France above alluded to there are other countries, as 
the north of Spain, the south of Sicily, the Tuscan territory of 
Italy, the lower Rhenish provinces, Hungary, and many parts 
of Western America and Australia, where spent volcanos may 
be seen, still preserving, in many cases, 4 conical form, and 
having craters and often lava-stroama connected with them, 

posed, moreover, of lava, sand, and ashes, 


have been known to do, the rivers either Bowing beneath 
a narrow passage on one side of the lava, Ale 

© of Froneh volcanos hare boon ia activity 
period of human history, their forms are often 
Some, however, have bean compared to the mere 
‘of vokanos, the rains and! torrents having washed 
sides, und removed all the loose sand ial acti leaving 


oartlngualitiy itis internal stricture has occasionally been 
id open to view, in fissures and ravines; and we then belwld 
oply many successive beds and masses of lava, sand, and 
scorn, but also perpendicalar walls or dikes, as they are 
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marble, the finer kinds of roofing slate, and other rocks after- 
wards to be described. 

As it is admitted that nothing strictly analogous to these 
eryatallino recks can now be ecen in the progress of formation 
on the earth’s surface, it will naturally be asked on what data 
we can find a place for them in a system of classification founded 
on the origin of rocks, It may be atated as the result of careful 

that the various kinds of rocks, such as granite and syen- 
ite, which constitute the plutonio family, i 


Hence they differ from the volcanic rocks, not only by their 
more crystalline texture, but also by the absence of tufts and 








10 COMPOSITION OF STRATA, font. 


mineral niaases doriving their origin from particular causes, and 
having @ certain chemical composition, form, and position in 
the earth's crust, or other characters, both positive and negative, 
such as the presence or ubsence of organic remains. In the 
nocond place, the rocks of cach clase may bo viewed asm grand 
chronological series ef monuments, attesting a succession of events 
in the former history of the globe and of its living inhabitants. 

I shall accordingly proceed to treatof each class of rocks ; 
first, in reference to those characters which are not chronolo- 
gical, and then in particular relation to the several periods when 
they were formed, 


CHAPTER I. 


AQUEOUS ROCKS —THEIN COMPOSITION AND FORMS OF 
STRATIFICATION, 


‘Mineral componltion of strata—Siliceous rooks—Argillacvous—Caleareous— 

L0cs#—Coal—Soll—fee-borne rycks—Forms of stratifiration— 

Original horimatality—Thimning eut—Diagonal arrangement—Ripple 
mark, 


Iw pursuance of the arrangemont oxplained in the Inst chaptor, 
we shall bogin by examining the aqueous and aérial or selimen- 
tary rocks, which are for the moat port distinctly stratified, and 
often contain fossils. We may first study them with reference 
to thoir minoral composition, external appearance, position, 
mode of origin, organic contents, and other chameters which 
belong to thorn as sedimentary formations, independently of 
their age, and we may afterwards consider them chronolegically 
or with reference to the successive geological periods when they 


T havo already givots an outtino of the data which led to the 
belief that the stratified and fossiliferous rocks were 

with mre exceptions, deposited under water ; Dut, before enter- 

ing into a more detailed investigation, it will be desirable to say 

of the ordinary materials of whieh such strata are 

‘These may be said to belong principally to three 

divisions—the siliceous, the argillaceous, and the calcareous, 

which bora rome dade Oe be and carhonate of 

Of these, the siliceous are chiefly made up of sami, or 

tha enloceray, cr eager, at wizture of ll 

of aluminous earth ; and, 
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greenish or brownish carth, soft and unctuous, with a shining 
streak, crumbling into mud in water, Brick clay is any clay, 
Jogan, or earth from which bricks can be made, and is an impure 
clay as @ rule, with a good deal of iron. Garnister is a siliceous 
rock with clay found in the lower coal measures, Fire day 
underlies coal seams, and contains but little iron nnd alkalies. 

‘One general character of all argillaceous rocks is to give out 
a peculiar earthy odour when breathed upon, which is a test of 
tho preacnce of aluminous earth, although it dova not belong 
to the pure substance, but i apparently due to its combination 
with oxide of iron. 

Caloareous rocks.—This division oymprehends thos: rocks 
which, like chalk, are composed chiofly of lime and carbonic 
acid. Shells and corals ne also formed of the same compounds, 
with the addition of animal matter, To obtain pure lire it is 
necessary to caleine these calcareous substances, that is to say, 
to expose them to hont of sufticiont intensity to drive off the 
carbonic-acid gas. White chalk in sometimes noarly puro oat 
‘Donate of lime ; and this rock, although usually in a soft and 
earthy state, is occasionally sufliciently solid to be used for 
‘building, and even passes into a compact stone, the separate 
parts of which are #0 minute as not to be distinguishable from 
each other by the naked eye. 

Dc casiyeilianon Scrse time medley Tae taken aa 
examples of organic limestones and coral reck and enerinital 
limestone alo. Shell marl is a soft earthy doposit formed of 
shells, sand, and clay. It muy become compact ns in many 
freshwater or lacustrine deposits, 

Many limestones are made up entirely of minute fragments 
aiekals aed, Seal Others are of calcareues sand costed 
together, and aro called * calearoous sandstones ;' but that term 
is more properly applied to a rock in which the grains are partly 

partly siliceous, or to quartzose sundstonos, 
time, 


ite in compoued of nmmne- 

grains, resembling the roe of a fal, each of 

fragment of some organism or a grain 

‘of mineral a8 4 nurleus, around which concentwic lnyers of oal- 

careoas matter have accumulated. Pisolite limetone bas the 
oolitie grains of considerable size. 

Any limestone whieh is sutficiently hard to take « fine polish 

in called martle, Many of Gpaheisbag meaty ape 

saceharoid: from buy 


is in many cases a momber of the 
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in many parts of Germany and France, is also a varioty of mag- 
nesion limestone, usually of granular texture, 

Gypsum is a mineral which is often found in great masses or 
rocks, Tt ig a anlphate of lime, and is usually a noft whitish. 
yellow rock, with a texture resembling that of loaf-eagar, but 
sometimes it is entirely composed of lenticular crystals. An- 
hydrous gypsum is a mre yariety, into which water does not 
enter as a component part. Gypuous marl is a mixture of 
gypeum and marl. Alabaster is « granular and compact variety 
‘of gypsum found in masses large enough to be used in sculpture 
and architecture. It is sometimes a pure snow-white substance, 
as that of Voltorra in Tuscany, well known as being carved far 
‘works of art in Florence and Leghorn. It {s a softer stone than 
marble, and more easily wrought. 

Aérial or Mottan deposits are necessarily fragmental, and 
wind has been the moving and depositing agent, and by fre- 
quently neting with moving solid bodies like xnnd, hax produced 

deposits themselves. Blown sands, desert sands, and dust 
are of great geological importance and form deep strata, The 
loess, a yellowish calcareous clay in Eastern Asia, is a vast 
doposit containing land shella and bones of land animal aps in 
the result of the constant blowing of dust off rocks 
direction, and it has accumulated to a thickness of 1,500 fot =a 
more, and is found at an altitude of 6,000 fect. 

Many rocks which have boen formed by the mechanical and 
chemical action of the atmosphere are Afotian, much as many 
soils. Laterite is gneiss altered én situ, and it remains on the 
surface ns.an aérial rock, Probably coal, peat, and many strata 
which have grown as it were in place, and have accumulated 
without the aid of moving water, should be called airial, and 
also the dérris at the base of rocks and precipices. 

‘ee-borne deposite.—The moraines of ancient and modern 
glaciers are examples of deposits which present themselves to 
the goologiat, and they occupy a position betwoen the aquoous 
and aérial class of rocks. 

It is now necessary to consider the forms of the layering of 
these deposits. 

Forms of stratification. —A series of strata sometiznes con- 
nest resi te have rocks, sometimes of two or more in 


‘Thas, for example, in the coal districts of England, we often 
pass through several beds of sandstone, some of finer, others of 
coarser grain, some white, others of « dark colour, and below 

thieh Savica it ands dia! sainietoe vk: bil ol shale, divisible 

into Keaf-like Jamine, and containing beautiful improssions of 
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bottom, while the plates of mica take a much longer time to 
sink through the water, and are carried farther down the 
stream. At the first instant tho wator is tarbéd, bat almost 
immediately the flat surfaces of the plates of mica ure soen all 
alone, roflecting a silvery light na they descend slowly, to form 
a distinct micaceous Lamina. ‘The mica is the heavier mineral 
of the two, bot it remaing « longer time suspended in the fluid, 
owing to its greater oxtent of wurfnco. It is vasy, thorufors, 
perceive that where such mud is acted upon by a river or tidal 
current, the thin plates of mica will be carried farther, and not 
deposited in the same places as the grains of quarts ; and since 
the force and velocity of the stream varies from titse to time, 
layers of mica or of sand will te thrown down successively on 
the same area, 

Original horizontatity.—It ix raid generally that the upper 
and under surfaces of strata, or the ‘planos of stratification,’ 
ave parallel, Although this is not strictly true, they make an 
approach to parallelism, for the same reason that sediment is 
usually deposited at first in nearly horizontal layers, whatever 
may be the state of the floor on which the deposit rests. Yet 
if the sea should go down, a whon thore is very low tide, near 

mouth of a large river where a delta has been forming, we 

extensive plains of mud and sand Inid dry, which, to the 

‘eye, appoar perfectly level, although, in reality, they alope 
from id towards the sea, 

tenloncy in newly formed atrata to assume « horizontal 

i principally from the motion of the water, which 

forees along particles of sand or mud at the bottom, and causes 

them to in hollows or depressions where they are loss 


eu 
exposed to the force of a current than when they are resting 
ints, ‘The velocity of the current and the motion 

wares diminish from the surface downwards, 


fallen in showers uneven Thes lot A B (fg. 2) 
Oia gia peer emp gg te 
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from parallolisn of the slanting laminm cannot possibly bo- 
‘accounted for by any rearrangement of the particles acquired 
during the consolidation of the rock. In what manner, then, 
can such irregularities be duc to original deposition! We must 


Fig. 


Tiagonal bediing in Great Qollte, After Jukee-Brows. 


muppoan that at the bottom of shallow seas, ax woll ax in the 
beds of rivers, the motions of waves, currents, and eddies often 
cvuse mud, sand, and gravel to be thrown down in heaps on par- 
ticular spots instead of being spread out uniformly over a wide 
area, Somotimes, when banks are thus formed, currents may 
cut passages through them, juat as ariver forms itsbed, Suppose 


Piet 


AAA 
ae aol 


the bank A (fig. 4) to be thes formed with a steep alopi 
a crib be Ueadel ton yes est arb 
No. 1 i thrown down upon Snasehapts byt pera p 
i Syd tay be dsaeed toons 
CD isformed. Tf the current then 
it may cut away the upper portion of this 
line ¢, atl ‘the materials thus 
Tiunwhbd Hther om, ne ae to fora the Tapers dO, @. Wehave 
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alpine torrynt discharged itself into a deep and tranquil ses, 
and formed a delta, which ndvancod gradually from the baso 
<f Monte Calyo to distance of # miles from the original 


Pigs? 


ee eats Sas oa Se oe teens se 
Dato eal eanetons ot Kewrate nee 


a hd, Deds of 
& Pine mar\ and wand of Ste, Madeleine, with masine (Pliooens) «hatte, 


If subsequently this part of the Alps and bed of the 


raised 700 feet, the delta may have emerged ; a deop 
asay then have been cut through it by the river, and 
the coast may at the same time have acquired its present con- 


It is well known thot tho torrents and streams which now 
descend from the alpine declivities to the shore bring down 
, when the snow melts, vast quantities of shinglo and 

sand, and then, as they subside, fine mud, while in summer 
they are nearly or entirely dry ; so that it may be safely as- 
sumed that deposita like those of the valley of the Magnan, con- 
aoe gravel alternating with fine sediment, aro still 
in progress at many points, as, for instance, at the mouth of 
the Var. Thoy must advance upon the Mediterranean in the 
shoals terminating in a steep talus; such being 

morte of accumulation of all courte materials con~ 

veyed into deop water, especially where they are composed in 
Reels pees: kat bey Sy transported to indefinite 
distances by currents of moderate velocity. By inattention to 
eat ocaee stun ntehs very exagyerated estimate 
has sometimos been made of the supposed depth of tho ancient 
ocean, cg sdeedel aya for example, that the strata a, 
Copia et caplet 

‘Scere! hie tel netleatien vin 

sia eid ta nny maplare can} be 

1,000 feet, although it may perhaps 
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be much greater, yot probably mover oxcoeding at any point 
8,000 or 4,000 fect, But wore we to sasumo that all the strata 
‘were once horizontal, and that their present dip or inclination 
was dae to subsequent movemonts, we should then be forced 
to conclude, that » en sovural miles deep had boon filled up 
Ss layers of mudand pebbles thrown down one upon 


Jn tho locality now under consideration, situated a few miles 
to the west of Nice, there are many yoolugical data, the details 
of which cannot be given in this place, all leading to the opinion 
that when the deposit of the Magnan was formed, the shape 
and oulline of the alpine dectivities and tho shore greatly ro- 
sembled what we now behold at many points in the neigh- 
Pourhood. ‘That the beds «, b,c, d, aro of comparatively 
modern date is proved by this fact, that in seams of loamy 
marl intervening between the pebbly beds aro fossil shells, 
half of which belong to specics now living in the Mediter- 
ranean. 

‘Rippie marks.—The ripple marks, xo common on the surface 
of sandstones of all ages (eee fig. 8), and which are so often seen 
cm the seashore at low tide, scem to originate in the drifting 
ef materials along the bottom of the water, in a manner very 


Fig. 8. 


‘Stab of vipghe-markot (New Bot) eantatore, tron Cheshire. 


‘eantler to that which may explain the inclined layers abore 
Sone is not entirely confined to the beach be- 
‘and low water-mark, but is also produced on sands 
constantly covered by water, Similar undulating 
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ridges and furrows may also be sometimes seen on the surface 
of drift sow and blown sand. 

Ripple marks are usually an indication of a sea-beach, or of 
water from 6 to 10 feut doop, for the agitation causod by waven 
even during storms extends to no great depth. ‘To this rule, 
however, there are some exceptions, and recent ripple marks 
have been observed at a depth of 60 or 70 feet, It has also 
‘boon ascertained that currents or large bodies of water in mo- 
Sa Bieta pete Dana cd see Abate 
feet? Beach ripple, however, may usually be distinguished 
from current ripple by frequent changes in its direction. In a 
slab of sandstone, not more than an inch thick, the furrows or 
ridges of an anciont ripple may often be soon in several aucees- 
sive lnamins to run towards different points of the compasa, 


CHAPTER It. 


ARRANGEMENT OF FOSSILS IN STRATA—FRISUWATER AND 
MARINE, 


‘Successive deposition indicated by fowil»—Limestones formed of corals and 
shelle—Proofs of gradual increas of «trata dlarived from fossils—Slow rate 
of accumulation—Serpula 


Havnve in the last chapter considered the forms of stratification 
ee ee es by the arrangement of inorganic 

‘matter, we may now turn our attention to the manner in which 
epunla vecaewiare eaetctiatad through stratified deposits. We 
should often be unnble to detect any signs of stratification or of 
successive deposition, lar Kinds of foes did tot oocur 
SRLS ol eel ra eS “abpdiate dS 


top 
tho origin of stratification, aa explained in tho last chaptor, and 
* Darwin, Vole. Tslanite, pitt. 
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multiplication of successive generations ; and the evidence of alow 
accumulation ia rendered more striking from the proofs, so often 
discovered, of fossil bodies having Iain for a time on the floor of 
the ocean after death before they wore imbedded in sediment. 
Nothing, for example, is more common than to ace fossil oysters 
in clay, with serpulw, or barnacles (acorn-shells), or corals, and. 
other croatures attached to tho inside of the valves, so that the 
mollusk was certainly not buried in argillaceous mud the mo- 
ment it died. There must have been an interval during which it 
was still surrounded with clear water, when the creatures whose 
remains now adhere to it grew from an embryonic toa mature 
state. Attached shells which are merely external, like some of 
the serpule (a) in fig. 9, may often have grown upon an oyster 
or other shell while the animal within was still living; but if 
they are found on the inside, it could only happen after the 
death of the inhabitant of the shell which affords the support. 
Thus, in fig. 9 it will be seon that two serpule: have grown om 
the interior, one of them exactly on the place where the adductor 
muscle of the Gryphana (a kind of oyster) was fixed, 

Somo fossil sholls, oven if simply attached to the owtside of 
others, bear full testimony to the conclusion above alluded to, 
namely, that an interval elapsed betwoon the doath of the crea- 
turo to whose shell they adhere and the burial of the sume in 
mud or sand. The sea-urchins, or Eebiné, so abundant in white 


chalk, afford a good illustration. It is well known that these 
animals, when Eu Saptend covered with spines sup- 
paar ee, ‘These last are only seen after the 


Fig. 10, Pig. 11, 


Bea ee 0 the an 
from ane tide, 
3. Solon a ferent an 
‘4, Thue manne magastiog. 
death of the sca-urchin, when the spines have dropped off. Im 
i 11 a living specimen of Spufangus, common on our eoaat, 
is Teprusented with one half of ite shell stripped of the spines. 
fig. 10 3 fomal of tho gonua Microster found in the white 
chalk of England shows the naked surface which the individuals 
this species exhibited when denuded of their spines. The 


ae 
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thns our thoughts are carried back toa prior period, when the 
tree grew for years on dry land, enjoying a fit soil and climate, 


he Teese le poe eel 
Mig. 11. w Fouit wood trosi London slay, bert ty Fiedioa 


Shall cos tube ot Terwine pertonao, he rght-sad gee We vers, 
the loft the Sores) wlew, 
Fie AG: Recent wood Doral by Fer. 
Ff pe pe ty anwar eepreeerye 
fe Anterior wil posterior view of the valves of sume deteched from the 
tube, nat, alee, 


‘The present rate of accumulation of deep #ea sediment: is 
exceedingly slow, as is proved by the growths of coral that occur 
on electric cables. The corals grow at great depths rory much 
quicker than the accumulation ef the foraminiferal onze.’ But 
Tepid accumulation of same sediments must have taken place 
formerly, for tree stems standing erect are found in strata of 
coal, «and, and grit which guthored around thom. 

Tt has been already remarked that there are rocks in the in- 
terior of continents, at various depths in the earth, and at great 
Rae cee iam eliapet, enisraly made: np 06 Ce /xematzn 

of woophytes and tesiaces. Such masses may be compared to 
modern oyster-beds and coral-reefa ; and, like them, the rate of 
increase must havo teen oxtremely gradual. But there are a 
variety of stone deposits in the earth's crust, now proved to hare 
been derived from plants md animals of which the organic 
‘origin was not suspected until of late yoars, evon by nnturaliats. 
Great surpriso waa therefore created some years since by the dis- 
covery of Professor Ehrenbery, of Berlin, that a certain kind of 

1 Dunoaa, Proc. Roy. See. vel. soevl, p. 188) 187. 
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tho case with the white chalk, has often been imagined, and is 
now proved to be the fact. It bas, moreover, been lately dis- 
covered that the chambers into which these Foraminifera are 
divided are actually often filled with thousands of well-proserved. 
organic bodies, which abound in every minute gmin of chalk, 
and are expecially apparent in the white coating of flints, often 
accompanied by innumerable needle-shaped spicules of sponges: 
{ace Chap, XVII.) 


‘The dust we tread upon Waa onve alive !—Briom. 


How faint an ices does this exclamation of the poet convey 
of the real wonders of nature! for here we discover provfs that 
tho calcareous and siliceous dust of which whole hills are com- 
posed has not only been onco alive, but almost every particle, 
albeit inviaible to the naked eye, atill retains the organie struc- 
ture which, at periods of time incaleulably remote, was impressed 
upon it by the powers of lifo. 


animals which frequent lakes and rivers are distinct from those 
inhabiting the sea. In the northern part of the Islo of Wight 
formations of marl and limestone, more than 60 feet thick, 
occur, in which the shells are of extinct species. Yet we recog- 
nise their freshwater origit, because they are of the same genera 


Rhino, botwoon Mayonco and. Worms, at Opponheim, Findheim, 
Eumbbakin ans beh laeon, Tay orden to ats 
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countless land shells tnixed with others of specie belonging to 
Jakes, stagnant pools, and marshes. Theso individuals hava 
‘been washed away from tho alluvial plains of tho great river 
and its tributaries, some from mountainous regions, others from 
the low country. 

Although froshwator formations are often of great thickness, 


siona in comparison with suns, 
‘The alwence of many fosail forms usually mot with in marino 
strata, affords a useful negative indication of the freshwater 


Pig 18. Fig.19, 


Cyrere (Cortiortla) Auminaia, 

AMUN. 5 Comal, Cray, Hoover, 
and Living tm the Nile, nat. sino. 
origin of a formation. For example, there are no sea-urchina, 
no corils, no chamberod shells, auch aa the nautilus, nor micro- 
scopic Foraminifera in Incustrine or fluvintile deposits, In dis- 
mg the latter from formations accumulated in the sea, 
wo are chiefly guided by the forms of the mollusca, In a fresh- 
water deposit, the number of individual shells is often as great 
as ina marine stmtum, if not greater; but there ix a smaller 
‘Fariety of species and genera. This might be anticipated from 

re; 21. Pig. 22. 


dvodoata Latimanyinets 5 Tate Urtoredis, Lam. 
recent Bain, reorih, Anvenemy, 
gener and species of recent freshwater and 
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There are probably five times = many species of marine 

mollusca as those of terrestrial and freshwater kinds. 

‘The majority of bivalve shells are murine, about -one- 
ninth freshwater, Among theoo last, 
the four most common forma, both 
recent and fossil, are Cyclas (Sphae- 
rivm), Cyrewa, Unio, and Anodonta 
(owe figures); tho firmt two and last 
two of whieh are so nearly allied aa to 
puss into each other. 

Lamarek divided the bivalve mol- 

Tusca into tho Dimyary, or those 

having twa large muscular impressions 

in each valve, as ob in the Oyclas, fig, 

18, and Unio, fig. 22, and the Mono~ 

myary, such as the oyster and acallop, 

in which thore is only one of these itapreasions, a8 seen in fig. 
23, Now, as none of thoso last, or the unimusonular bivalres, 


Pete Fi. 25, Pig, 


Boag. j 
Inle o¢ Wight, 4. 
are froshwater,’ we may at cnoe presume a deposit containing 
any of them to be marine. 
Pig. 37 ig. 28, ig. 29, Tig. dh, 


2 The frosdwnter Beulleria, which state, thus Greming = single excep. 
when your has tro avaseular be- ton te the rale, 
presicas, lax only one in the adult 
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‘The univalre shells moat characteristic of freshwater deposits 
are, Planorbis, Limca, and Paludina, Bet to these are oc- 


Meal 


ines, Aneylis, Valvota, Mdanopsie, 
snd Neritina (seo figures), the four last 

found in estuaries. 
lude Neritina (fy. 35) and the marine 


same gonus, it being scarcely possible to 


vie. Fig: 37. 


the fluviatile species are 
more globular than the 
wwe never, like the Neritm, the 
outer lip toothed or crenulated. 


inhabit the mouths of rivers in 
and are distinguishable from the ¢ 
as ‘Corithia ly thoir orbicular and maltispiral 
opereala. ‘The genus Auriculs (fig. 31) is amphibious, frequent- 
{gramps sad nares ‘within the influence of the tide, 
terrestrial wholls are all anivalres. The most important 
enera among these, both in a recent and fossil stato, are Heli 
38), | (fig. 39), Pepa (fig. 40), Clonsilia (Gy. 41), 
m 42), Hanidina, and Achata 
0" | (fig: 43) is another genus of shells, inhabiting 
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rivers and ponds in hot countries. Many fossil species for- 
merly referred to this genus, and which have been mot with 


Fig 5 Fig. 2 © Fig, ig. Pig. 42. 
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iis Marval, Diss, Cees Fore Cana Drationws tubeieus, 
Fadnns, Toaraing, oat, trident, 
tine, Mur; Dmpy Dont 

Tower, 


Loom, Loss, 
not aia, nat.atee, nat. lon. 


chiefly in marine formations, are now considered by concholo- 
gists to belong to Natica and other marine genera. 

Wie: All univalve shells of land and freshwater 

species, with the exception of Melanoysis (fg. 

34), and Achatina, which haa s slight indenta- 

tion, have entire mouths : and this circumstance 

may often serve as ® convenient rule for dis- 

tinguishing freshwater from marine strata; 

since if any univalves occur of which the mouths 

aro not entire, we may presume that the for- 

Aupalterts gloxor, mation is marine. The aperture is said to be 

freca the Jammy }- ontire in such shells as the freshwater Asmpul- 

taria and the land shells (figs. 38-42), when its outline ia not 

interrupted by an indentation or notch, such aa that seen at b 


Pig. 


s 

Avcitlaria substcis, Row, 

Marte clays) Bivens, 
rat ate, 


in Anefllaria (fg. 45); or is not prolonged into « canal, aa that 
seen st a in Pleurotoma (fig. 44). 
large proportion of the marine univalves 
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capable of resisting decomposition: to which cirenmstance we 
miny attribute their abundance in a feasil state, The annexed 
figure (fig. 47) reprosonts « brunch of one of many now species 
found by Professor Amici in the lakes of Northern Italy. The 
seed-vessel in this plant is more globulsr than in the British 
Chore, ond therefore more nearly resembles in form the extinct 
fossil species found in England, France, and other countries. 
‘The stoms, ax well as the seod-weasols, of these plants ocour both 
in modern shell marl and in ancient freshwater formations. 
‘They are generally composed of a large central tube surrounded 
by smaller ones, the whole stem being divided at certain inter- 
vals by transverse partitions or joints, (Seo b, fig. 46.) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata contain 
ing freshwater shells ; and we also find occasionally the tooth 
and bones of land qusdrupeds, of species now unknown, ‘The 
manner in which such remains are occasionally carried by rivers 
(aap especially during floods, has been fully treated of in 

the ' Principles of Geology.” 

Freshwater and martoe fsh.—The remains of fish are oo~ 
‘conionally ngoful in determining tho freshwater origin of atenta 
Certain genera, such as carp, perch, pike, and loach (Cyprinus, 
Perea, Howe, and Cobitis), as alao Lebias, being peouliar to 
fresh water. Other genera contain some freshwater and some 
marine spocior, as Cit, Mugil, and Angwilla, or ect. The 
test are either common to rivers and the ses, aa the salmon ; or 
are exclusively characteristic of salt water. The above obser- 
vations reapecting fossil fishes are applicable only to the more 
modern or tertiary deposits ; for in the more ancient rocks the 
forms depart so widely from thoae of existing fiehes, that it ix 
very difficult, at least in the presont state of science, to derive 

from i ichthyolites respocting the element 
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manganese, silicate of alumina and lino, and is probably of volcanic 
origin. Towards the antaretic regions diatoruceous or siliceous 
deposits occur, and at diferent depths there are Radiolaria, 
‘The Globigerina onze resembles chalk to a certain extent, for 
it contains Coccospheres, Cocooliths, and Globigerina, but the 
percentage of carbonate of lime is much Jess than in the chalk, 


CHAPTER Iv, 


CONSOLIDATION AND SUBSEQUENT ALTERATIONS OF STRATA AND 
TETRIFACTION OF YoOSSILS. 


Chemical and mechanical deposite—Cementing together of particles—Hnnt= 
ening by exposure to sir—Concretionary nodules=Consolidating: effects 
of pressure—Joiating—Minemalisation of organic remains—Impressions 
and casts, how formed—Eossil wood—Gippert’s experiments—Preciplta= 
tiun of stony matter most rapid where putrefaction ix going on—Soureex 
of lime and vilex in solution, 


Havixe spoken in the proceding chaptora of the chamcters of 
sodimentary formations, both as dependent on the deposition 
‘of inorganic matter and the distribution of fossils, I may next: 
treat of the consolidation of stratified rocks, and the petrifac~ 
tion of embodded organic remains. 

Chemical and mechanical deposits.—A «listinction has 
been made by geologists between deposits of a mechanical and 
thoes of a chemical origin. By the name mechanical are desig- 
nated beds of mud, sand, or pebbles, produced by the action of 
running water, also accumulations of stones and scori@ thrown 
out by a voleano, which have fallen into their present place by 
the foree of gravitation. But the matter which forms a chemi 
cal deposit bas not becn mechanically suspended in water, but 
in « atate of solution until sepamted by chemical action. In 
this manner carbonate of lime is occasionally precipitated upon 
the bottom of lakes in solid form, as may be well seen in 

many parts of Italy, where mineral springs abound, and where 
aacatialamabei kahersy: calla Srarvertte ho deposited. In these 
xprings the lime ia usually held in solution by an exceax of 
carbonic acid, or Led aati it be a het spring, until the water, 
issu from the earth, cools or loses part of its acid. The 


No similar travertin has heen found in the bed of the sua, 
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plunge them into dilute muriatic or other acid, we see them 
immediately changed into common sand and mud ; the cement of 
lime, derived from the shells, having been dissolved by the acid. 

‘Traces of impressions and caxts ary often extremely faint. 
In some loose sands of recent date we moot with shells in so 
advanced a stage of decomposition as to crumble into powder 
when touched, It is clear that water percolating anch strata 
may soon remove the calcarous matter of tho shell; and, un- 
less cireumstances cause the carbonate of lime to be ayain de- 
posited, the grains of sand will not be cemented together ; in 
whieh case no memorial of the fossil will remain, 

Ti is evident that silica and carbonate of lime may become 
widoly diffused in stoall quantitios through the water which 
permeate the earth's crust, and thus a stony coment in often 
supplied to sand, pebbles, crany fragmentary mixture. Tn some 
conglomerates, like the pudding-stene of Hertfordshire (a Lower 
Eoceno deposit), pobbles of flint and grains of sand are united 
by a siliceous cement #o firmly that, if a block be fmetured, 
the rent passes as readily through the pebbles as through the 
coment, 

Tt i probable that many strata became solid at the time 
when thoy emorged from the waters in which they were de- 
posited, and when they first formed » part of the dry Jand, ‘The 
‘consolidation was probably due to evaporation of the water, 
which penetrates the mitatest pores of rocks, and the conne- 
quent dopoaition of earbonate of lime, iron, silica, and other 
minerals previously held in solution, 

Most stones on being freshly quarried harden with exposure. 
Dr, MacCulloch mentions a sandstone in Skye which muy be 
moulded like dough when first found; and some simple mine- 
vals, which are rigid and as hard as glass in our cabinets, are 
often flexible and soft in their native beds; this is the case 
‘with asbestos, sallite, tremolite, and chaloedony, and it is re- 
ported also to happen in the case of the beryl! 

‘The marl recently deposited at the bottom of Lake Superior, 
in North Amorics, is soft and often filled with freshwater shells ; 
‘but if a piece be taken up and dried, it becomes 90 hard that it 
‘can only be broken by a smart blow of the hammer. If the lake, 
therefore, were drained, such deposit would be found eae 
sist of strata of marlstone, like that observed in many 
ede formations, ami, like them, containing maplh eons 


1h nap EN prolable that some of the 
heterogencous materials which rivers transport to the sea may 


4 Dr. MacCullech, Syst of Geol. vol, L p. 123. 
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at the centre, must have gone on forming concentric coats 
around the original nucleus without interfering with the lauzi- 
nated structure of the rock. 

Eifects of pressure.— When sand and mud sink to the bot- 
tom of a deep sea, the particles are not pressed down by the 
enormous weight of the incumbent ocean ; for the water, which 
becomes tinged with the «and and mud, resists pressure with 
ws foroo equal to that of the columin of fluid above. The same 
happens in regard to organic remains which are filled with water 
under great pressure as they sink, otherwise they would be 
immediately crushed to pieces and flattencd. Nevertheless, if 
the materials of a stratum remain in # yielding state, and do 
not ast or solidify, they may be gradually squewsad down by the 
weight of other materials successively heaped upon them, By 
such downward pressure particles of clay, sand and rar] beoowe 
packed into a swaller space, and are made to cohere together 
permanently. 

Analogous effects of condensation have arisen when the solid 
parts of the earth's crust have been forced in various directions 
by those mechanical morements hereafter to be described, by 
which strata havo been bout, broken, and ralsod above the level 
of the sea. Rocks of more yielding materials nust often have 
been forced against others previously consolidated, and may 
thus, by compression, bave ncquited a new structure. 

Jointed stracture.—Joints are natural fissures which often 
traverse rocks in straight and woll-determined Hines, more or 
leas nt right angles to the line of bedding or stratification, If 
asuiliciont number cross cach other, the whole mass of rock is 
split into symmetrical blocks, and they afford to the quarryman 
the greatest nid in the extraction of blocks of stone, The faces 
of tho joints are for the most part smoother and more regular 
than the surfaces of true strata, The joints are straight-cet 
chinks, sometimes slightly open, and often passing, not only 
throagh layers of successive deposition, but also through balls 
of limestone or other matter, which have been formed by com+ 
eretionary action since the original accumulation of the strata, 

Prati Gy igo aerate even through quarts pars 
Buch joints, therefore, must often have resulted from one of the 
last changes auperinduced upon sedimentary dopoxite, 

Tathe aurexed disgram (Gg: 60), tho at perfaces of week 
a 4B, ©, Peprosent exposed faces of joints, to which the walls of 

other joints,J J, are parallel. 5 5 are the lines of stratification ; 

» pare lines of slaty cleavage, which intersect the rock nt « 
‘considermble angle to the planes of stratification, 

‘Tn the Swiss and Savoy Alps, as Mr. Bakewell has remarked, 
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‘Mineralisation of organic remains.—The changes which 
fossil organic bodies have undergone since they were first em- 
bedded in rocks throw much light on the consolidation of 
xtrata, Fossil shells in some modern deposits have been scarcely 
altered in the course of centuries, having aimply lost a part of 
their animal matter, But in other cases tho shell has disap- 
peared, and left an impression only of its exterior, or secondly, 
‘a cast of ite interior form, or thirdly, a caxt of the shell itnelf, 
thé original matter of which has been removed. These different 
furms of foasilization may easily be understood if we examine the 
mud recently thrown out from a pond or canal in which there 
are shells, If the mud be argillaceour, it noquires connistoney 
on drying, and on breaking open a portion of it wo find that 
each shell has left impressions of ita external form. If we then 
remove the shell itself, we find within « solid nucleus of clay, 
having the form of the interior of the shell. This form is often 
very different from that of the outer shell, Thus a cast such 
asd, fig. 61, commonly called # fossil screw, would never be sus- 
pected by an inexperienced conchologist to be the internal 
shape of the fossil univalve, 6 fig. GL. Nor should «o bave 
imagined at first aight that tho sholl @ and the cast }, fig. 52, 


Pig. 6 


Phaiansde Hetdintsrendy 
ant cuit of the mime Ceral fing. 


belong to one and the same fossil. ‘The reader will obserre in 
the last-mentioned figure (0, fig. 52), that an empty space shaded 
dark, which the shell ite(f once occupied, now intervenes be- 
tween the enveloping stone and the cast of the snooth interior 
of the whorls, In such cases the shell has been dissolved and 
the component particles removed by water percolating the rook. 
If the nucleus were taken out, a hollow mould would remain, 
‘on which tho external form of the shell with its tuberclos and 
atrim, as seen in @, fg. $2, would be seen embomed, Now if 
the space alluded to between the nucleus and the impression, 
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siliceous, and other earths in solution. In what manner they 
become so impregnated will be afterwards considered. If an 
orgunic substance is exposed in the open air to the action of the 
aun and rain, it will in time putrefy, or be dissolved into its 
component elements, consisting usually of oxygen, hydrogen, 
nitrogen and carbon, These will readily be absorbed by the 
atmosphere, or be washed away by rain, #0 that all vestiges of 
tho dead animal or plant disappear. But if the same sub- 
stances bo submerged in water, they decompose more gradually = 
and if buried in earth, still more slowly; as in the familiar 
example of wooden piles or other buried timber. Now, if as 
fast as each particle in act free by putrefaction in a Buid or gase- 
‘ous state, a particle equally minute of carbonate of lime, flint, or 
mineral, ia at hand ready to be precipitated, we may imagine 
this inorganic matter to take the place just before left unoseupied 
by the organic molecule, In this manner a cast of the interior 
of certain vessels may first be taken, and afterwards the mory 
solid walls of the same may decay and suffer o like transmuta- 
tion. Yet when the whole is Inpidified, it may not form one 
homogenoous mass of atone or metal, Some of the original 
ligneous, osseous, or other organic elements may remain 
mingled in certain parts, or the lapidifying substance itself may 
be differently coloured at differont times, or so crystallised ax 
to reflect light differently, and thus the texture of ‘the original 
body may be faithfully exhibited. 

‘The student may perhaps ask whethor, on chamical prinel- 
ples, we have any ground to expect that mineral matter will be 
thrown down precisely in those spots where organic decompoai- 
tion i in progress? ‘The following curious experiments tay 
serve to illustrate this point. Professor Gisppert, of Breslau, 
with w view of imitating the natural process of fossilization, 
stoeped a variety of animal and vegetable substances in waters, 
soma hobding siliceous, others calcareous, others metallic mut- 
ter in solution. He found that in the period of a fow weeks, or 
sometimes even days, the organic bodies thua immersed wore 
minernlixed to a certain extent, Thus, for example, thin ver- 
tical alices of deal, taken from the Seoteh fir (Finns aylvestria), 
were imineried in a moderately strong solution of sulphate of 
iron. When they had been thoroughly soaked in the liquid for 
several days they were dried and exposed to a red-heat until the 
vegetable matter was burnt up and nothing remained but an 
oxide of iron, which was found to have taken the form of the 
deal a0 exactly that caste oven of tho dotted vessels pecaliar 
to this family of plants were distinctly visible under the micro- 


’ 
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CHAPTER V. 


ELEVATION OF STRATA ADOVE TINE SEA—MORIZONTAT, AND 
INCLINED STRATIFICATION. 


Whe the position of marine strata, above the level of the ara, shoul be 
veferred to the rising up of the land, not to the golng down of the sea— 
Strata of deep-sea and shallow-water orizin alternate—Alw marine snd 
freshwarer berls end old land surfaces—Vertienl, inclined, and folded strata 
—Aaticlinal and synelinal curves—Tbeories to explain Isteral arements: 

Dip and trike—Structure of the Jura—Various forms of caterop— 

Synelinad strate forming riizer— Connection of fracture and Wexure a 


rode—Inverted atreta—Faults descritet—Superficlal riges of the sawe 
obliterated by denadation—Great faults {be reealt of repeated movements 
—Arrangement and direction of parallel folds of streta—Unconform- 
ability —Overlapping strata. 


‘Land has been raised, not the sea lowered. —It has boen 


olther thal there has beeu s general lowering of the waters pf 
the ocean, or that tho solid rocks, once covered hy water, have 


eniar tay: Tt seemed to them Suemcene that 

i iter be choy ia Wiad oplid andl had ciaas eeu 
into ile present position. It was, however, impossible to invent 
isfactory hypothesis to explain the dissppoumnes of no 
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horizontal strata, no less than 3,500 feet in thickness, and con- 
sisting of sandstone of very ancient date. 

Instead of imagining that such fomiliferous rocks were 
always at their prosont lovol, and that the soa was once high 
enough to cover them, we suppose them to have constituted the 
ancient bed of the ocean, and to have been afterwards uplifted 
to their present height, ‘This idea, however startling it may st 
first appear, is quite in accordance, aa before stated, with the 
analogy of changes now going on in certain regions of the globe. 
‘Thus in parts of Sweden, and the shores and islands of the 
Gulf of Bothnia, proofs have been obtained that the land is 
experiencing, aud has experionced for conturies, a slow up- 
heaving movement? 

It appears, from the observations of Mr. Darwin and 
othen, that very extensive regions of the continent of South 
America have been undergoing slow and gradual upheaval, by 
which the level plains of Patagonia, covered with recent 
tmrine shells, and the Pampas of Buenos Ayres, have been 
raised above the level of the sea, On the other hand, the 
gradual sinking of the west const of Greenland, for the space 
of more than 600 miles from north to south, during the last four 
centuries, has been established by the observations of a Danish 
naturalist, Dr. Pingel, And while these proofs of continental 
elevation and subsidence, by slow and insensible movements, 
have bedn recently brought to light, the evidence has been 
daily strongthoned of continued changes of lavol effected. by 
violent convulsions in countries where earthquakes are fre: 
quent. There the rocks are rent from time to time, and 
heaved up or thrown down several fect at once, and disturbed 
in each a manmer as to show how entirely the original position 
‘Of strata may be modified in the course of centuries, 

Mr, Darwin has aleo inferred that, in those parts of the 
Pacific and Indian Ocoans where circular coral islands and 
‘barrier reefs abound, thore is a slow and continued sinking of 
the submarine mountains on which the masses of coral are 
based, while there are other arenas of the South Sea whore the 
Jand is on the rise, and where coral has been upheaved far above 
the sea-level. 

Along our costs we find numeroursubmenged forests, only 
visible at low water, haying the trunks of the trees erect and 
their roots attached to them and still spreading through the 
ancient soll us when they were living. They occur in too many 
places, and sometimes at too great a depth, to be explained by 
to mere change in the Jevel of the tides, although, as the coasts 

4 See Principles uf Geology, 1867, p. BM. 
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a general rile, strta are inclined or bent ii such n manner is to 
imply that their original position has been altered. 

‘The most uncquivocal evidence of such a change is afforded 
by thoir standing up vortioally showing their edges, which ix by 
no meansa rare phenomenon, especially in mountainous eoun- 
tries, Thus wo find in Scotland, on the southern skirts of the 
Grampians, beds of conglomerate alternating with thin layers 
of fine sand, all placed vertically to the horizon. When De 

Saussure first observed certain 

conglomerates in a similar posi- 

tion in the Swiss Alps, he re- 

marked that the pebbles, being 

for the most part of an oval shape, 

had their longer axes parallel to 

the planes of stratification (see fig. 

4). From this he inferred that 

such stmta must, at firet, have 

Vertical congleneraia wndeanisione. 144 Horizontal, each oval pebble 

having settled at the bottom of the water, with its flatter side 

parallel to the horizon, Some few, indeed, of the rounited 

stones in « conglomerate occnsionally afford an exception to the 

above rule, for the samme reason that in a river's bed, or in 

le beach, some pebbles rest on their onda or odges ; these 

having been shoved against or between other stones by a wave 
or current so a8 to assume this position. 

Anticlinal and rynelinal curces—Vertical strata, when thoy 
ean be traced continuously upwards or downwards for some 
dopth, are almost invariably seen to be parts of great curves, 
which may have a diameter of a few yards or of several miles. I 
shall first describe two curves of considerable regularity, which 
occur in Forfarshire, extending over a country twenty miles 
in breadth, from the foot of the Grampinns to the sen near 
Arbroath, 

‘The mass of strate exhibited may be 2,000 fect in thick 
ness, consisting of red and white anndatone and various coloared 
shales, the beds being distinguishable into four principal groups 
—pamely : No. 1, red marl or shale ; No, 2, rod sandstone, used 
for building No. 3, conglomerate ; and No. 4 gry paringstaney 

and tile-atone with greon and reddish shale, containing 
I glanen at the accion wil show that ouch of 
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An example of curved strats, in which the bends or plica~ 
tions of the rock are sharper and far more numerous within an 
equal space, has been well described by Sir James Hall? It 
occurs near St. Abb’s Head, on the east coast of Scotland, where 
the rocks consist principally of a bluixh alate, having frequontly 
4 ripple-marked surface, The undulations of the beds reach 
from the top to the bottom of cliffs from 200 to 300 feet in height, 


Curved strate ef alate near St. bbs Hess), Borwickahire. (Bir J. Hall) 


and there are sixteen distinct bendings im the course of about 
six miles, the curvatures being alternately concave and convex 
epwards, All these strata were once horizontal, 

Folding by lateral movement.—An experiment was made 
by Sir James Hall, with » view of iMlustrating the manner in 
which such strata, assuming them to have been originally Les, 
zontal, may have been forced into their present position. 
set of layers of clay were pused under a weight, and ‘hate 
opponite ends presked towards cach other with such foree as to 
cause them to approach more nearly together. On the removal 
of the weight the layers of clay were found to be curved and 
folded, so a4 to bear a miniature resemblance to the strata in 
the cliffs. We must, however, bear in mind that in the natural 
adction or sea-cliff we only sce the foldings imperfectly, one part 
Woing invisible beneath the sea, and the other, oF sppet porta, 
being supposed to have boon carried away by 
that uction of water which will be explained in thenext 
‘The dark lines in tho accompanying plan (fig. 87) reprosent 
‘aha laasteally maa of tho streta ia the line of cliff alladed to; 
the fainter lines indicate that portion which is concealed bo- 
neath the sea-level, as also that which Is supposed to have ance 
existed above the present level. 

+ Elin. Trans, vol, vib, pl. 3. 
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‘We may still more easily illustrate the effects which a lateral 
thrast must produce on flexible atrata, by placing several 


Pig. 37. 
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of differently coloured cloths upon a table, and when 
fre spread out horizontally, covor them with a book. 
other books to each end, and force thom towards 

‘The 


folding of the cloths (see fig. 68) will imitate 
bent strata; the incumbent book being slightly 


Pig. 88, 


‘and no longer touching the two volumes on which 
before, beenuse it is supported by the tops of the 
fornied by the curved cloths, In like manner 

to doubt that the squeezed strata, although late~ 
and more clewoly packod, are yet clongatod 
upwaris in a direction perpendicular to the 


‘the anslogons flexures in strutified rocks have 
‘deo to similar sideway movements is a question 


pexphin the nature of the process is, perhaps, 
the inaccessibility of the subterranean re- 
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alowness of the movement. The changes may sometimes be 
due to variation in the temperature and chemical eonstitation 
of mountain masses of rock, causing them, while still solid, 
to expand or contract. If such be the case, we have searcely 
imore reason to expect to witness the operation of the process 
within the limited periods of our scientific observation than to 
soe the swelling of the roots of a treo, by which, in the course of 
years, a wall of solid masonry may be lifted up, rent, or thrown 
down. Tn both instances the force may be irreslatible, but though 
adequate, it need not bo vinible by us, provided the time re- 
quired for its development be very great. The lateral pressure 
arising from the unequal expansion of rocks by heat, may cause 
cone mass lying in the same horizontal plane gradually to occupy 
a larger space #o ns to press upon another rock, which, if flexible, 
may be squeezed into a bent and folded form, It will also ap- 
pear, when the volcanic and gmnitic rocks are described, that 
some of them have, when melted in the interior of the earth's 
crust, been injected forcibly into fixeures, and after the solidif- 
cation of such intruded matter, other sets of rents, crossing the 
firat, have been formed and in their turn filled by melted rock. 
Such repented injections imply a stretching, and often upheaval, 
of the whole mass, 
We also know, eapecially by the atudy of regions Hable to 
juakes, that there are causes at work in the interior of the 
earth capable of producing a sinking in of the ground, some- 
times very local, but often extending over a wide area, The 
continuance of such a downward inovement, especially if partial 
and confined to linear areas, may produce regular folds in the 
strata, 


But the cause of the great flexures and curvatures of strata 
that are such grand fontures in mountains, is the same as that 
which produces elevation and subsidence on the greatest scale, 
and is that which produced the continents and sea-floors. The 
force was directed tangentially to the earth's surface, and com- 
premion from side to side resulted ; the original horizontal 
strata were forced into anticlinal and nynolinal curves, and the 
breadth of area was diminished, The force was the outeome 
‘of the energy of heat within the globe, As the internal heat 
was conducted to the surface through cooling rocks, to be radiated. 
into space, contraction occurred. ‘The contraction was unequal, 
because rocks contract differently in cooling, and because they 
cooled with rapidity in some regions than in others, 
‘Those contractions prodnoed dmgeging down of the 

and a resolved force was produced, the direction of 
which was tangential. The phenomena of slnty cleavage, and 








56 DIP AND STRIKE, tex. 


section exactly at right angles to the line of the strike, we are 
then able to ascertain the true dip. In the annexed drawing 
(fig. 60), we may suppose a headland, one side of which faces to 


Apparent berteontallty ol 


the north, where the beds would appear perfectly horimmtal to 
a person in the boot; while on the other side, facing the 
west, the true dip would be seen by the person on shore to 
be at an angle of 40°. If, therefore, our obrervations are 
confined to a vertical precipice facing in one direction, we 
Must endeavour to find a ledge or portion of the plane of one 
of the bods projecting beyond the othors, ix order to ascertalts 
the true dip. 
If not provided with a clinometer, a most useful inatrament 
when it is of consequence to determine the inclination of the 
=a atrata with precinion, the observer 
amet may measure the angle within a 
few degrees, by standing exactly 
opposite to a cliff where the true 
dip is exhibited, holding the hands 
immediately before the eyes, and 
placing the fingers of one in a per 
pendicular and of the other in # 
horizontal position, as in fig. Of. 
It ix thus onsy to discover whether 
the lines of the inclined beds bisect 
the angle of 90, formed by the 
meeting of the hands, 30 ax to gire 
fan angle of 45°, or whether it would divide the space into 
two equal or anequal portions, You have only to change 
‘hands to get the dip indicated by the lower dotted line on the 
upper side of the horizontal hand, 
Tb has boon already soon, p. 51, in desoribing the curved 
trata on the east coast of Scotland, in Forfarshire and Berwick— 
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shire, that a sories of concave and convex bendings are oxca- 
sionally repeated sereral times. Theoe usually form part of a 
series of parallel waves of strata, which are prolonged in the 
wume direction, throughout « considerable extent of covntry. 
‘Thus, for example, in the Swiss Jura, that lofty chain of moun- 
tains has been proved to consist of many parallel ridges, with 
i final valleys, ax in fig. 62, the ridges being 
formed by curved fossiliferous strata, the nature and dip of 

rs. @, 
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ERGs 
‘Bection Ulastreting the structere of the Swiss Jura. 


are occasionally displayed in deep transverse gorges, culled 
caused by fractures at right angles to the direction of 
chain? Now let us suppose these ridges and parallel 
to rum north and south, we should then say that the 
ef the beds is north and south, and the clip east and west. 
along the summits of the ridges A, B, would bo 
‘and one following the bottom of the adjoining 


Tt will be observed that some of there 
are unbroken on the summit, whereas ene 
Pig. 64. 
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‘Growed play of the denuded ridge C, Be. #2. 
inof such » denuded ridge as ©, as given in a 
stan may be expremod by the diagram fig. 63, and 
Bof thesnmo by fig. G4 The line DB, fy. 63, 
* Basal sur les Souldvemens Jurassiques du Torrntruy,’ 
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is the anticlinal line, on each side of which the dip is in 
opposite directions, as expressed hy the arrows, The emer 
gence of strata ut the surface is called by miners their outorop 
or basset, 

If, instead of being folded into parallel ridgea, the beds form 
a boss or dome-shaped protuberance, and if we suppose the 
summit of the dome carried off, the ground plan would exhibit 
tho edges of the strata forming a succession of circles, or ellipses, 
round a common centre, These circles are the lines of strike, 
and the dip being always at right angles is inclined in the 
course of the circuit to every point of the compass, a 
what is termed w qui-quirereal dip—that is, turning every 

‘There arp endless variations in the figures described by the 
bassot-edges of the strata, nccording to the different inclination 
of the beds, and the mode in which they happen to have been 
denuded, Onc of the simplest rules, with which wvery geologist 
whould be acquainted, relates to the V-like form of the beds as 
they crop out in an ordinary valley, First, if the strata be 
horizontal, the V-like form will be also on a level, and the 
newest strata will appear at the greatest heights. 

Secondly, if tho beda be inclined and intersected by a valley 


#loping in the same direction, and the dip of the beds be loss 
stecp than the slope of the valley, then the V's, a4 they are 


Pig. 05, 


Slope ot valley 40°, dip of strata 20", 


often termod by tho minors, will point upwards (seo Bg, 68), thoes 
formed by the newer beds appearing in a superior position, and 
extending highest up the valley, as A is seen above B, 

‘Thirdly, if the dip of the beds be stecper than the slope of 
the valley, then the V's will point downwards (sce fig. 66), and 
those’ formed of the older beds will now appear uppermost, ps 
Bappears above A. 
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cane where the strata dip in» contrary 
of the valley, whatever be the angle 
Tig. 6a, 
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lope of rnlley 20°, dip of strate 20°, {a opposite directions. 


tunacquainted with the rule, who had first 
(fig. 65), may havo sunk » vertical shaft 
A, until he reached the inferior bed B. 
the valley (fig. 66), and discovering there 
two cual seams, might begin his workings in 
the expectation of coming down to the other 

A, which would be observed cropping out lower down the 
, Bata ghince at the section will demonstrate the futility 

. 


ihe 


aL 


cary to understand much cogiea, al- 
though, if he were to examine and 
handle the originals, turning them 
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in AB, fg. 62, p. 57, yet this can by no means be laid down as 

rulo, a8 the beds very often slope inwards from either 

esas mountain, as ata, 6, fig. 68, while in the intervening 
valley ¢ they slope upwards, forming an arch. 

It would be natural to expect the fracture of solid rocks to 

take place chiefly where the bending of the strata has been 

and such rending may produce ravines, giving noooss. 

to running water and exposing the surface to atmospheric waste. 


Tig. 08, 
Sznctinal, Antiotinal. Synciinal, 





‘Orit and flalon. rtsintimenoos, Galstad chain 
Section uf carbonifervus rocks of Lancashire. (E. Hult)’ 


‘Tho entire absence, however, of such cracks at points where the 
strain must have been greatest, as at a, fig. 62, is often very 
remarkable and not always easy of explanation. We must 
immagine that many strata of limestone, chert, and other rocks 
which are now brittle, were pliant when bent into their present 
position, They have owed their flexibility in part to the tuid 
matter which they contain in their minute pores, as before de- 
scribed (p. 38), nnd in part to the permeation of sea-water, 
while they ware yot aul 

At the western extremity of the Pyrenees, great curvatures: 
of tho strata are seen in the sea-cliffi, where the rocks consist of 


Hirata of chert, grit, Hod ast pear St, Jean do Tak, 


marl, grit, and chert. At certain Pointy a8 ab 0 fg. 69, some 
of the bendings of the flinty chert ans so sharp, that specimens 
might be broken off, well fitted to serve as ridge-tiles on the 
roof of a house, Although this chert could not have been 
brittle as now, when first folded into this shape, it presenta, 


slat in erent ware ho woull_ engineer bs eunsractel to Bhatrate 
At ono comprehend their meaning fonlts 

RS aay aiernergeny + Rdwand Hull, Quart. Geol. 
‘more complicated, which the same Journ. vol. xxiv. p $24. 1868, 
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here and there at the points of greatest flexure 
sual eraoks, which show that it was volid, and not wholly in- 
pce of einted at the period of its displacement. The 
rents alluded to are not empty, but filled with chalce- 

See enpsondy 


‘Between San Caterina and Oastrogiovanni, in Sicily, bent and 
undulating gypseons marla occur, with here and there thin beds 
of solid gypsum, interstratified. et 





We laze siredy explained (0. % 
08) that stratified rocks have their 

strata usually bent into ar folds forming anticlinal and 
synclinal curres, » group of several of theso folds having offen 


CaN RAM 


Seal gt erie he ces fe 
superposition. Thus, if wo meet with the atrita 

» fig. T1, we should naturally suppose that 

lve distinct beds, or wets of beda, No. 1, the 

and No. 12 the oldest of the 


wrt of the curves seen in this dingram, fig. 72, 
lines, has been removed by denudation. 
of folding, inversion and reversal of strata 
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are geen on a magnificent scale in certain regions in Switzerland, 
in precipices often more than 2,000 feet in perpendicular height, 
and therv are floxures not inferior in dimensions in the 

Strata are seen not unfrequently, on the flanks of great 
mountain chains, in such sharp and inclined folds that the de- 
nudation which has worn away parts of them leaves the beds 
presenting all the appearances of being reversed, that is to say, 
tho oldest strata are on the top of the newer, 


Inverted beds near Muford Maren. (After Green.) 
3. Top, Cartoniternns itnestont, 
# Lover limestone shale, 
Bottom. OM rol sandstone, 

Onlinary inversion of strata is well seen near Milford, and 
is explained in the above diagram. On passing from N to 8 the 
topmost strata, 3, are lower than 2 and 1. 

The folding is on such a grand scale and has been so aharp 
in the Alps that old’ metamorphic rocks, whose place is below 
‘the sedimentary strata, have become included in the folds and 
exposed by denudation. The old rocks then appear newer than 
some of the younger strata. In the Mont Blanc range the 
lateral crash has been suflicient to causo the sedimentary strata 
to dip under tho old crystalline schists, ax will be explained when 
treating of metamorphic rocks. 

Fractures of the strata and faults. —Numorous rents may 
often be seen in rocks which sppear to have been aimnply broken, 
the fractured parte still remaining in contact ; but we often find 
s fissnre, soreral inches or yards wide, interrening between the 
disunited portions. These fissures are usually filled with fine 
earth and sand, or with angular fragments of stone, evidently 
derived from the fracture of the contiguous rocks, 

Tho {ace of cach wall of the fissure is often beautifully 
polished, as if ulazed, striated, or scored with parallel furrows 
and ridges, such as would be produced tetris ys! 
together of surfaces of unequal hardness, cat cee 
facoa aro called by miners * slickensides.’ It ia supyosod that 
the lines of the striu indicate the direction in which the rocks 
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DISLOCATIONS. 


‘one of the minor earthquakes in Chili, in 
a building were ront vertically in several 
‘and made to vibrate for several minutes during each 
after remained uninjured, and without auy 
although the line of oach crack was still visible. When 
had ceased, there were seen on the floor of the 
ia of amall heaps of fine briek- 
produced by, trituration, 
uneommon to find the masa of rock, on one side of 
down below the maas with which 


‘called a fault, shift, 
remarks: ‘The 
, by aderangement: 
When his mine reaches « certain plane, 


jimes perpendicular, as in AB, fig. 74, sometimes 
to the Horizon (asin © B, bid); he fede ine beds of 


al 


aa in fig, 74, so that the strata on 


le of the faults A B, C D, continue parallel to one 
ip Other cases, the strata on each side are inclined, as 
, d (fg. 75), though their identity is still to bu recog- 

ry ‘ing the same thickneas and the same in- 


vertical, as at A B, fig. 74, but usually 
The inclination of a fault from the 
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line of fault, and those which have been pushed up have their 
edges forced downwards. 


JEP faalt oF flemve Alled with rabbish, on ech aiite of whieh the shllvel 
trata are not parallel, 


In Conlbrock Dale? deposits of sandstone, shale, and coal, 
several thousand feet thick and occupying an area of many 
miles, have been shivered into fragments, and the broken rem- 
nants have been placed in very discordant positions, often at 
levels differing several hundred feet from each other, The sides 
of the faults, when perpendicular, are commonly several yards 
apart, and are sometimes as much as 50 yards asunder, the in- 
terval being filled with broken débris of the strata, In following 
the course of the same fault it is vometimes found to produce in 


different places very unequal changes of level, the amount of 
shift being in one place 300 and in another 700 fect, which arises 
from the union of two or more faults. In other words, the dis- 
jointed strata have in certain districts boon mubjected to renewed 
movemonts, which thoy have not suffered elsewhere, 

We may occasionally ave exact Shenigsretts of these slips, on 


‘small scalo, in pits of loose sand and gravel, of which 
have doubtless been caused by the drying and eh of mr 
siillaceous and other beds, slight sutsidences having taken place 
from failure of support. Sometimes, however, even these small 
slips may have been produced during earthquakes ; for land bas 
Deen moved, and its level, relatively to the sea, considernbly 
altered, since much of the alluvial sind and gravel now covering 
the surface of continents was deposited, 

A remarkable inatance of the occurrence of the changes just 
alluded to, in modern times, was observed in New Zealand 
during the carthquake of January, 1855." In the course of the 
subterranean disturbances a fracture in the strata was produced, 
extending for a distance of 90 miles, On ono side of this fisenre, 
the land was elevated in places as much as § feet, so ax to form 
‘an inland cliff of that height, but on the other side the strata 
were unaffected. At the same time, a large district in the 


7 Prestwick, Geol. gerd rae tides 
J Tingle, 10th ed. vole ii. p. Be 
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‘The very different levels at which the separated parts of the 
sume strata are found on the difforent sides of the fissure, ia 
some faults, are truly astonishing, One of the most celebrated 
faalts in England is callod the * ninety-fathom dike,’ in the ooal- 
field of Newcastle, This name has been given to it because the 
snime beds are ninety fathoms (040 feet) lower on the morthern 
than they are on the southern side, ‘The fissare has boon filled 
by « body of sand, which is now in state of sandstone, aml 
is called the dike, which is sometimes very narrow, but in other 
places more than twenty yanls wide. ‘The walls of the fissure 
are scored by grooves, such ss would have been produced if the 
broken ends of the rock had been rubbed along the plane of the 
fanlt.'’ In the Tynodalo and Craven faults, in the north of * 
England, the vortical displacement, or ‘amount of throw,” as it 
is technically called, is still grater, and the fracture has ex- 
tended in a horizontal direction for a distance of thirty miles or 
more. Some faults run in the «me direction ns the dip of the 
strata; they produce a lateral shift of the beds. Others are 
along the strike, and often blot out strata by not allowing thets 
to reach the surface. Step faults carry down a stratum, which 
may be near tho surface, by a series of parullel dislocations, 80 
that it becomes decperand deeper, as it were, along a set of step. 

Great tmults the result of repeated movements.—|t 
mat not, however, be supposed that faults generally consist of 
single linear rents; there are usually a number of faults 
springing off from the main one, and sometimes a long etrip of 
country acema broken up intu fragments by scts of parallel and 
connecting transverse faults. Oftentimes a great line of fault 
has been repeated or the movements have been continued 
through succesive periods, so that nower deposits having 
covered the old line of displacement, the strata both newer 
and older have given way along the old ne of fracture. Some 
quologists have considered it necesary to imagine that the 
upward or downward movement in theae cxes was accom- 
oe at a single stroke, and not by a aories of andden. bat 

movements. They appear to have derived this 
areas apeiee that the grooved walla have merily been 
rubbed in one dirvction, which is far from being a constant 
phenomenon. Not only are some sots of atrim not parallel to 
others, but the clay aud rubbish between the walls, when being 
orrubbed, have been streaked in different directions, 


the ves which the harder minerals have impressed on the 
Satie tie Semiaette erred md trrapelse 


id Philips, Out + Phil Geology, Laniuer’s 
tom eee si Cpe ae 2 
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to the amount of several hundred, much less several thousand, 
feet. 

Faulting on a very graod scale accompanied mountain forma- 
tion, and appears to have occurred st the cleae of the action of 
the tangential thrust, or the from aide to side foree, which 
curved and uphoared the mass, 

Asa role, mountaina of different ages have the direction of 
thoir folds of atrata slong different lines of mrike. The force 
producing the curres was directed at right angles to the line 
of strike, 

Aiter the cessation of the crushing action, dislocations o- 
curred along the flanks of the mountain ranger, that is to #ay, 
along tho linos of strike of the component strata, and strike 
faults were produced on a very grand scale, 

Conformable and unconformable stratification._When 
strata rest one upon the other horizontally or with the sume 
dip they are conformable. Bat strata are said to be unconform- 
able when one series is so placed over another that the planes of 


ToconfiersaMe fametion of olf ret 
Polat, veur St. Abt/s Head, Berwiekahilre, 


the superior repose on the edges of the inferior (see fig. 78). 
Th this case it ix evident that a period had elapsed between the 
prodaction of the two sets of strata, and thet, during this in- 
terval, the elder series had been tilted and disturbed. After- 
wards tho upper series accumulated, in horizontal strata, apo 
it, If those superior beds, d d, fig. 78, are also inclined, it is 
plain thut tho lower atrata, aa, have been twice displaced —tirst, 
before the deposition of the newer beds, dd, and a second time 
when the sune strita were upraised out of the ses, and thrown 
tlightly out of the horizontal position. 

Tt offen happens that in the interval between the deposition 
‘of two acts of unconformable strata, the inferior rock less put 


pole) lin highly uelined, t. 
‘bent, are covered with horizontal truta of greenish and whitish 
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beneath a super-imponed one. These Inpscs of time, both great 
and small, accompanied ' physical brenks.* 

Tt ia found that when two sorios of strata aro uncenformable 
or overlap, their fossils differ considerably. This is termed = 
paleontological break, and it may be slight or very nearly abso- 
lute, These breaks occur between all the grest formations, and 
indicate the ondings and beginnings of epochs, ages, and sepects 
of nature. 


CHAPTER VI. 


Denndation, disintegration of rocks and removal of preducts—Subetrial 
4 vaarine denudation—Agents of denodation and their methods ef 
netion—Special action of wind and running water in the Geonatiea of 
Valleys. Cafions, Exearpments, Allnviuw, and Loes—Lituoral and eube 
marine denudation—Great shoalr—Needles, Inland sea clif—Rewults of 
denudation. 


Dexvpaniox, which has boon occasionally spoken of in the 
preceding chapters, is the disintegration of the earth's surface 
and the removal of the products by water in motion, whether of 
rivers or of the waves and currents of the sea, and by wind, and 
the consequent laying bare of some inferior rock, This oper 
tion has exerted an influence on the structure of the earth's 
crust as universal and important as sedimentary doposition 
itself; for denudation is the necessary antecedent of the pro- 
duction of ull new strata of mechanical origin, The forma- 
tion of every new deposit by the transport of sediment and 
pebbles, necessarily implies that there has been, somewhere else, 
a grinding down of rock into rounded fragmenta, sand, or mtsd, 
equal in quantity to the new strata. All deposition, therefore, 
except in the case of a showor of volcanic ashes, and the outtlow 
of Invs, and the growth of certain organic formations, is the sign 
of former superticial waste, or of that going on contempora 
neously, and toan equal amount, elsewhere. ‘The gain at ene 
point is no more than sufficient to balance the low at some 
other, Here a hill has been lowered, theres ravine or valley 
has been deopened. Here the depth of the wea has been aug: 
mented hy the removal of a sand-bank during a storm, there its 
bottom has been raised and shallowed by the accumulation os 
its bed of the same sand transported from the bank. 
When we sce a stone building, we know that somewhere, far 
or near, a quarry hax beun opened. ‘The courses of stone in the 
may be compared to successive strata, the quarry to a 
Soviets ov Walbeg se Mas haa suffered denudation. As the strata, 
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* Weathering’ is often very conspicuous in crystalline mecks, 
tech as granite and most volcanic rocks, which are composed of 
saveral ininoral elements. Through tho decomposition of the 
felspar and other minerals most liable to be chemically affected 
by air and rain, 40 hard rock os basalt sometimes crumbles to 
pieces, and it may be dug with a spade, Some of the mont 
furtile diatricte in Italy and France owe thoir riches to the 
scorias and Java that once issued in a molten condition from the 
crater of Vesuvius and the volcanoes of Auvergne, destroying 
all the regetation around, but which since then have cooled 
and crumbled into duat. 

In deaort regions, where no rain falls, or where, ax in parte 
of the Sshart, the soil is so salt as to be without aay covering 
‘of vegetation, clouds of dust and sand attest the power of the 
wind to cause the shifting of the unconsolidated or disintegrated 
rock 


In examining volcanic countries I have been much struck 
with the yreat superficial changes bronght about by this power 
in the course of centuries, The higher peak of Madeira be 
wbout 6,050 feet abore the sea, and cunsists of the skeleton of 
a volcanic cone now 250 feet high, the beds of which once dipped 
from a contre in all directions at an angle of more than 30°. 
‘The summit is formed of a dike of basalt 
filteen feet wide, apparently the remaina 
Which once row to the crater. Nearly all the acorim of the 
upper part of the cone have been swept away, those portions 
only rewaining which were hardened by the contact or proximity 
of the dike, While I was myself on this peak on January 25, 
1854, I aaw tho wind, though it was not atormy weather, ro 
moving mnd and dust derived from the decomposing scorim 
Thero lind been frost in the night, and some ice was atill seer 
in the crevices of the rock, 

On the highost platform of the Grand Canary, at an oleve- 
tion of 6,000 feet, there is a cylindrien! column of hard Inwa, 
from which the softer matter has been carried away; and other 
similar remnants of the dikes of cones of eruption, attest the de- 
nuding power of the wind at points where ruuning water could 
never hare exerted any influence. ‘The waste effected by wind, 
aided by freat and snow, may not be trifling, eren ins single 
winter, and, When maltiplied by centuries, may become inde- 


Action of running rater.—Rain earrics off tho products of 
denndation to a certain extent, and removes them tostroams and 
rivers. Rusining water moving stones along crodes, and deposi- 
tion decurs eventually, Perhaps the most striking illustrations of 
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originally have been deposited by the river, it is clear that when 
the ternvoe at the highest level (No. 4) was being farmed, it 
tuat have beon part of the alluvium sprond over what was then 
the lowest part of the valley. But the river has since deepened 
its channel, and left, abore the rench of its water, a portion 
(No.3) of the gravel it had formerly deposited. At this lower level 
now bods of gravel and sand wero spread over the bottom of the 
valley, and out of these new terraces have been carved as the 
river continued to deepen its bed. 

In general, it is unly when rivers are swollon by heavy rain 
that any considerable quantity of solid imatter is removed by 
their waters. At those times they frequently undermine ther 
twnks and precipitate vast masses of earth into the streaus : 
these are rapidly washed away, while in the bed of the river 
fine gravel and larger fragments of loose stone are swept along, 
as the transporting power of the current is intensified with exch 
midition to its volume. 

But the erosive power of rivers would be comparatively fa- 
significant if it were not aided by other causes, by means of 
which the hard and compact masses of rock, composing so grest 
part of the earth's crust, are reduced to fragments capable of 
being easily removed. All tho subasrial agents of denudation 
tond to excavate the ordinary river valley, but catons, whieh 
are deep gorges and ravines, with perpendicular sides, kaye 
been excavated by thé unassisted power of rivors. 

It must be remembered that rivera are mostly very old 
channels, and thatin many instances they have lasted during the 
epoch of mountain formation which determined thelr existence, 
and over sec. Lowering of the suriace, the formation of all 
the foatures of the hills, aud the production of deep river os 

have progressod slowly and variably, but the main drainage has 
Jasted on, 

In considering the erosive power of rivers, it must be remeus 
bered that come are now ' taking-cdf’ rivers, and others are ' dee 
positing,’ and that the oscillation or meandering of streams from 
side to side in their flood plains, has been and is an important 
factor in gotting rid of gravels and muds, 

Dennding power of rivers affected by rine or fall of 
Jand.—It has long been a matter of common observation that 
most rivers are now cutting their channels through alluvial de- 
penita of grenter depth and extent than could ever have been 
formod by tho present streams, From this fact it has boon in- 

_ derrod that rivors in general have grown smaller, or become less 
liable to be flooded than formerly. It may he true that in the 
history of almost every country, the rivers have been both larger 
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many miles and bound many valleys, and have more or less 
precipitous faces. ‘They ars due to eubsérial denudation, aad 
are distinet from cliffs due to marine action, 

I formerly supposed that the steop line of eliff-like slopes 
son along the outerop of the chalk, when we follow the edge of 
the North or South Downs, was dae to marine action ; bat Sir 
A, Ramsay hus shown ' that the present outline of the physical 
geography ia more in favour of the idea of the oscarpments 
having been due to gradual waste since the rocks were exposed 
in the atmosphere, and to the action of rain and rivers, 

Mr. Whitaker bas given a good eammary of the grounds for 
ssctibing these apparent aca-cliffa to waste in the open ain 
1. There is an absence of all signs of ancient sca-beaches rr 
literal deposits at the base of the ecarpment, 2, Great in- 
equality is observed in the level of the bwe line. 3. ‘The exearp 
ments do not intersect a series of distinct rocks Like sea-clidix, 
‘ont are always confined to the houndary line of the anme forma- 
tion, 4, There are sometimes different contiguous and parallel 
excarpments—those, for example, of the greensand and ehalk— 
which are so near each other, and occasionally ao similar im 
altitude, that we cannot imagine any existing archipelago, if 
converted into dry land, to present » similar outline. 

The above theory is by no means inconsistent with the 
opinion that the limits of the outcrop of the chalk and greemsand, 
which the eacarpments now follow, were originally determined 
by marine denudation. When the south-east of England last 
emerged from beneath the level of the sea, it was acted upon, 
no doubt, by thetide, waves, and currents, and the chalk would 
form, from the firet, » mass projecting above the more destruc- 
tible clay ealled gault. Still the present escarpments 80 much 
resembling sea-clitfs hare no doubt, for reasons above atated, 
derived their most charucteristic fouturos subsequently to emer 
gence, from subsérial waste by rain and rivers, 

‘The vast reaults of denudation in past timo, are exhibited in» 
most impressive manner in those districts where we see some of 
the older strata of the earth appearing at the surface, ns, for 
example, in the middle of an anticlinal curve (fig. 68), on either 
side of which rest a long series of succeeding and conformable 
strata. The newer bods must once have arvhed over the whole 
ares, und have been stripped off, before the oldor strata could 
have been laid bare. 

In the ‘ Memoirs of the Geological Survey of Great Britain’ 
(vol. i.), Sir Alox. Ramsay has shown that tho missing beds, 
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of a river. The drainage, moreover, may have been deranged 
again and again by earthquakes, during which temporary lakes 
may have boen caused by landslips, and partial deluges ooca- 
sioned by the bursting of tho barriers of such Iskes. For this 
reason it woold be unreasonable to hope that we should ever be 
abe to account for all the alluvial phenomena of each particular 
country, seeing that the causes of their origin are s0 various. 


and probatly the upheaval, of rocks wore in program, ‘That 
region had already acquired in some degree its present con- 
figuration before any volcanoes were in activity, and before any 


igneous matter was superimposed upon the granitic and fossili- 
feroas formations. The pebbles therefore in the older gravels 
are exclusively constituted of granite and other fundamental 
rocks ; and afterwards, when volcanic vents burst forth 
eruption, those earlier alluvium were covered by streama 
lava, which protected them from intermixture with 
sabsequont date. In the course of ages, a new system, 
vas excavated, so that the rivers ran at lower lev 
at which the first alluvinms and sheets of lava 
When, therefore, fresh cruptions gave rise to 
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which was again and again exposed to their fury, although it ix 
evident that the submergence was sometimes etfocted in sech o 
manner as to allow the trees which border the coast not to be 
carried away, 

Ground-ayell waves are important agents of deaudation 
wheo they come into shallow water. Scott Russell showed 
that a single roller of the ground swell 20 feet high falls with a 
pressure of a ton on every equare foot, and Stevonson stated that 
the force of the breakers of the Atlantic on the sea-comsts of 
Britain wan G11 Ibs. per square foot in aumnmer, and 2,080 Ibs, 
in winter, It is stated that ground swell will influence the 
bottom at 200 fathoms. But Dolorme has proved that engineer 
ing operations ary scarcoly disturbed at a greater depth than 
16‘4 feet in the Mediterranean Sea, and 2024 feet in the 
Atlantic. In the English Channel the bottom ‘sition up at 
130 feet, 164 feet in the Mediterranean, and 650 feet in the 
Ocean. ‘Tha abyssal depths are very motionless, and aro axeae 
of deposition. All modern research tends to show that the 
eroding sction of the sea is restricted to within a few fathowss 
of the shore, 

‘The sea removes the products of its own erosion, and most of 
the results of subsérial denudation. The mud of rivers sinks 
sooner or later when in contact with the sea, and clays readily 
sink in salt water ; but it appeara that deep-sea deposits remote 
from lund, are singularly exempt from land deposits. ‘The want 
volames of solable matters brought down by the rivers inte the 
‘a contribute to the calcareous skeletons of a host of marine 
organisms. 

‘The along-shore deposits, ax they are termod, are 
beda and boulder deposits, and they sro rarely utationnry, 
Derived from the fall of cliffs and worn by the rolling of water, 
and by impact with other stones, the boulder become pebbles, 
and the sand, the result of this wearing, is carried off hy tide ard 
currents. Finally, the pebbles collect in masses, or are atill 
farther worn, In the first instance they resemble many geo 
logical formations, and, were they cemented, would be 
merates, The sand, the result of the wearing of the ber 
and pebbles, becomes spread ont in layers, which resemble the 
sandstones of old with rain prints and ripple markingy. 

Submarine denudation.— When we attempt io estimate the 
amount of subenarine denudation, we become sensible of the 
disatvantage under which we labour from our habitual inca- 
pacity of observing the action of marine currents om the bed of 
the sea. We know that the agitation of the waves, even during 

Storms, diminishes at a rapid rate, so as to become very insig- 
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the upward movement might easily be counterneted by the de- 
nuding force of such currents aided by such waves as during a 
yale are known to provail in the German Ovean. What parts of 
the bed of the ocean are stationary at present, and what areas 
may be rising or sinking, ia a matter of which we are very 
ignorant, ‘aa the taking of accurate soundings is but of recent 


+ Narfoundland-bank.—The great bank of Newfoundland may 
bo compared in size to the whole of England. This part of the 
Dottom of the Atlantic is surrounded on three sides by a rapidly 
deopening ocean, the bank itself being from twenty to fifty 
fathoms (or from 120 to 300 fect) under water. Wo are unable 
to determine by the comparison of different charts, made at 
distant periods, whether it is undergoing any chango of level, 
but if it be gradually rising we cannot anticipate on that account 
that it will become land, because tho breakers in an open sea 
would exercise a prodigious force even on solid rock brought up 
to within a few yards of the surface, Wo know, for example, 
that when a new volcanic island rose in the Mediterranean in 
1831, the waves were capable in a few years of reducing it to » 
sunken rock. 

In the same way currents which flow over the Newfoundland- 
bank a grent part of the year at the rate of two miles an hour, 
and are known to retain a considerable velocity to near the 
bottom, may carry away all loose sand and mud and make the 
emergence of the shoal impossible, in spite of the accessions of 
mad, sand, and boulders derived occasionally from melting iee- 
Dergs which, coming from the northern glaciers, are frequently 
stranded on various parts of the bank. They must often leave 
at the bottom large erratic blocks which the marine currents 
may be incapable of moving. 

“ Needles’ and * No Man’s Lands’ are portions of cliffs an- 
worn down by the sea; they indicate the former extension of 
the land up to and beyond them seawarda. They are, as it ward, 
outlines of the atrata which have been worn away, and which 
are recognised in the main cliffs of the land. Earth pillars with 
stones on their tops, are retics of the country worn away all 
around them. 

Inland sea-cliffs.—In countries ne hard limestone rocks 


they 
acquired when they constituted the arene ee 
‘Thus, in the Morea, no loss than three or even fosr ranges of 
cliffs are well preserved, rising one above the other at different 
distances from the actunl shore, the summit of the highest and 
oldest occasionally attaining 1;000 feet in elevation. A consoli~ 
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dated beach with marine shells is usually found at the bare of 
each oliif, and & line of old shore caverns. 

But the beginner should be warned not to expect to find 
evidenee of the former sojourn of the sca on all these lands 
which we are peverthelex sure have been submerged at periods 
comparatively modern ; for notwithstanding the enduring nature 
‘of the marks Jeft by littoral action on ome rocks, especially 
limestones, we can by no means detect sea-beaches and inland 
clit everywhere. On the contrary, they are, upon the whole, 
extremely partini, and are often entirely wanting in districta 
composed of raat eediaindy\eoenations, which must, 
nevertheless, have been uphesved at the same time, and by the 

same intermittent movements, a4 the adjoining harder rocks. 


CHAPTER VII. 


JOENT ACTION OF DENUDATION, UPHEAVAL, AND SUBSIDENCE IN 
REMODELLING THE RARTH'S CRUST. 


How wo ebtain ae insight at the surface of the arrangement of rocks at 
nn a repelled above searlovel of the mocessive strate in 
a given region is 20 disproportionate to their thickness—Computation of 
tre ay annual amount of subsérial denudation—Antazonism of the 

pane ot De ts to these acting on ite surface—How far the 
from the land toa neighbouring sea-bottom may 
Sead tives. vorutens and mutability of continental 
amd ovanic arear. 
‘Bow wo obtain an insight at the surface of the arrange- 

{ment of rocks at grout dopths.—The reader has been already 

1» earth's crust we often find 

‘the direct superposition of marine to freshwater strata, 
evidence of the alternation of deep-sea and shallow- 
formations. Sedimentary deposits cannot become thick 
== denudation. Darwin suggested yoane 
nediments accumulated during subsidence of 

eeacdario rer how such a saries of rocks could 


hah there hare been alternate upward and down- 
‘of great vertical extent, but that the upheaval 

ich we st present inhabit has, in later geological 
inated over subsidence so as to cause 


delta beneath tho sea-lovel may cause strata 
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of fluviatile or even terrestrial origin, such as peat with trees 
proper to marshes, to be covered by deposits of deepsea origin. 
‘There is also no limit to the thickness of mud and sand which 
may accumulate in shallow water, provided that fresh sediment 
is brought down from the wasting land at» rate corresponding 
‘to that of the sinking of the bed of the sea, 

‘The succession of strata here alluded to would be consistent 
with the occurrence of gradual downward and upward move- 
ments of the land and bed of the sea without any disturbance 
‘of the horixentality of the several formations. But the arrange- 
ment of rocks composing the earth's crust differs materinlly from 
‘that which would result from a more series of radial vertical 
movements. Had the internal energies of the globe only pro- 
duced such movements, and had the stratified rocks been first 
formed beneath the sea and then raised above it, without any 
lateral compression, the geologist would never have obtained an 
insight into the monuments of various ages, some of extremely 
remote antiquity. 

What we have said in Chapter V. of dip and strike, of the 
folding snd inversion of strata, of anticlinal and synelinal 
flexures, and in Chapter VI. of denudation ut different periods, 
whether subairial or submarine, must he understood before the 
student can comprehend what may at first seem to hins an 
anomaly, but which it is his business particularly to understand, 
T allude to the small height above the level of the sea attained 
‘by strata, often many miles in thickness, and about the chrono- 
logical succession of which, in one and the same region, there is 
no doubt whatever, Had stratified rocks in general remained 
horizontal, the waves of the sea would have been enabled 
during oscillations of level to plane off entirely the uppermost 
‘beds as they rose or sank during the emergence or aul 
of the land. But the occurrence of a series of formations of 
widely different ages, all remaining horizontal and in conferm- 
able stratification, is exceptional, and for this reason the total 
ennihilation of the uppermost strata has rarely taken place. 
We owe, indeed, to the side to side movement produced by 
tangential thrust those anticlinal and synclinal curves of the 
beds alresdy described (fig, 55, p. 51), which, together with de- 
nudation, subsérial and submarine, enable us to investigate the 
structure of the earth's crust many miles below those 
which the miner can reach under other circumstances. T have 








4,000 fect thick. How thon does it happen that the loftieat hills 
of Yorkshire and Lancashire, inatead of being 24,000 feet high, 
never rise to 3,000 feet! The denuded edges of the strate, 
which are in great curves, are measurablo, but the bulk of the 
thickness is below sea-level. 

‘A study of figs. 68 and 78 will explain the relation of the 
thickness of strata to their height above sea-lovel. It is evi- 
dont that the denuded edges of very thick septa, which are in 
great curves, are measurable, and Ghat the bulk of the deposit 
is hidden. Hence masses of stratified rocks may be several 
iniles in thickness, yet the elevation attained may be not more 
than « mile above sea-level, 

The proofs of lapse of time having occurred between eon- 
secutive strata, are unconformity, overlap, and erosion of the 
upper surface of the lower strata. 

Computation of the average annual amount of subabrial 
denudation.—Mr. Croll in 1867, and again, with more exactness, 
in 168, deduced from the latest measurement of the sediment 

by European amt American rivers, the rate of wab- 
aérial denudation to which the surface of lange continents is 
exponed, taking especially the hydrographical basin of the Miasis- 
sippt as atfording the best available measure of the average waste 
of the land. Tho conclusion arrived at in his able memoir,' was 
that the whole terrestrial surface is denuded at the rate of one 
foot in 6,000 yeurs, and this opinion was simultaneously enforced 
by his fellow-labourer, Professor A. Geikie, who, being jointly 
‘engaged in the same line of inquiry, published a luminous essay 
on the subject in 1868, 

‘The student, by referring to the ‘Principles of Geology,'* 
may see that Messrs. Humphrey and Abbot, during their survey 
‘of the Mixsissippi, attempted to make accurate measuremunte of 
the proportion of sediment carried down anpually to tho sea by 
‘that river, including not only the mud held in suspension, but 
also the sand and gravel forced along the bottom. 

Tt is evident that when we know the dimensions of the area 
which is drained, and the annual quantity of earthy matter 


4 Croll, Phil. Mag. 1 oe. 
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undiminished in spite of annual waste. Were it otherwise, the 
substrial denudation would bo continually lemened by the 
diminution of the height and dimensions of the land exposed te 
waste. [stated in 1830, in the ‘Principles of Geology,’ * that 
running water and volcanic action are two antagonistic forces ; 
the one labouring continually to reduce the whole of the land 
to the lovel of the soa, the other to restore and maintain the 
inequalities of the crust on which the very existence of islands 
and continents depends, We must always bear in mind that ib 
in not simply by upheaval that subterranean movements can 
counteruct the lovelling force of running water. For wheront 
the transportation of sediment from the land to the ocean or 
the upheaval of its bed would raise the general sea-level, the 
subsidence of the sea-bottom by increasing its capacity would 
check this rise and provent the submergence of the land. 

In the anme way, the average height and area of the land can 
only be proserved if the increase occasioned by elevation in ome 
part excocds the loss by subsidence elsewhere by the amount 
removed by denudation from the whole surface of the Iam. Tt 
in only by considering the joint action of all the causos that 
determine the level of the sea and the height of the land that 
we can form some idea of the relation of these destroying and 
renovating energies. 

T havo, indeed, endeavoured to shew that unless we assume 
that there is, on the whole, more subsidence than upheaval, we 
must auppose the diameter of the planet to be always increasing, 
by that quantity of volcanic matter which is annually poured 
out in the shape of lara or ashes, whether on the land or in the 
bed of the sea, and which is derived from the interior of the 
earth. The abstraction of this matter causes, no doubt, in 
some instances, subsidence. Moreover, it is probable that the 
globe his become smaller from contruction during secular 
cooling. 

‘The action of energies within the earth in antagonising de« 
uudation by producing great curvings of the crust in past times 
is not a mere matter of conjecture. The student will see in 
Chapter XXIV. that we have proofs of Carboniferous forests 
hundreds of miles in extent which grew on the lowlands or 
deltas near the sea, and which subsided and gave place to other 
forests, until in some regions fluviatile and shallow-water strate 
with occasional seams of coal wore piled one over the ovher, till 
they attained « thickness of many thoussnd fect. ‘Those have 


* Let el, chop. x. p. 167. 185). See also Ifth ed, vol. i cbap. xe 
Pp 32i. 1867, ' 
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sea, and sea into land, in the continental areas and their borders ; 
‘wheress oscillations of equal magnitude would have no corre- 
sponding effect in the bed of the ocean generilly, believed aa it 
is to have a mean depth of at least 12,000 feet. Tho greatest 
depths of the sea do not exceed the greatest heights of the land ; 
it may, therefore, seem strange that the menn depth of the sea 
should exceed the mean height of the land twelve times, even 
taking the lowost ostimate of the occan depths as given by the 
Iste deep-sea soundings. This apparent anomaly arises from 
the fact that the extreme heights of the land are exceptional 
and confined to a small part of its surface ; while the ocean 
maintains its great dopth over enormous arcas, 

It ix ovident that during the Glacial poriod thare was a grent 
subsidence of the land of the northern hemisphere down to s 
certain parallel of latitude. Since then elevation has occurred, 
and now many raised beaches are 1,000 to 1,200 feet above se 
level. Dana, following Darwin's theory of Atoll formation, 
terms the Atoll a memorial of » departed land, and considers 
that the great Pacific subsidence was contemporaneous with the 
post-glacial upheaval in the north, 

From all that we know of the oxtremo slowness of the up- 
ward and downward movements which bring about evon slight 

pltical changes, we may infer that it would require a great 
lapse of time to cause the submarine and supramarine areas to 
change places, even if the ascending movements in the one 
region and the descending in the other were continuously in 
one direction. But we have only to appeal to the structure af 
the Alps, where there are so many shallow and 
formations of various ages crowded into a limited area, to ot 
vince ourselves that mountain chains are the result of 
oscillations of level, High land is not produced simply by 
uniform upheaval, but by a predominance of elevatory over 
subsiding movernents. Where the ocean is extremely deep it is 
because the sinking of the bottom has been in excess, in apite of 
interruptions by upheaval, 

‘Yet, persistent as may be the leading features of land and sea 
om the globe, they are not immutable. Some of the finest mud 
jis doubtless carried to indefinite distances from the comst by 
marine currents, and we aro taught by doop-aea dredgings that 
in clear water, at depths equalling the height of the Alps, organic 

may flourish, snd their spoils slowly accumulate on the 

dottom, We also occasionally obtain evidence that sobmarine 

roloanoos are pouring out ashes and etrosins of lava in mid-oewsm 

ss well as on land (seo ‘ Principles,’ vol. ii. p. th), and that 
* Wyville Thomson, Depths of the Sen, p. 31. 1878, 
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marine fossils, and so forth ; but the student has still to learn 
which rocks, exhibiting some or all of these characters, have 
originated at one period of the carth’s history, and which at 
anoth 


or. 

To determine this point in reference to the fossiliferous for- 
mations is more easy than in any other class, and it is therefore 
the most convenient and natural method to begin by establishing 
# chronology for theo strata, and then to refer as far as possible. 
to the sume divisions, the several groups of plutonic, volcanic, 
and metamorphic rocks. Such a system of classification is not. 
only recommended by its greater clearness and facility of appli- 
cation, but is also best fitted to strike the imagination by bring- 
ing into one view the contemporaneous revolution of the inom 
ganic and organic creations of formor times. For the sedimentary 
formations are moat readily distinguished by the different species. 
of fossil animals and plants which they inclow, aud of which 
one sot after another has flourished and then disappeared from 
the earth in succession, 

Tn the present work, therefore, the five great classes of rocka 
will form fire parallel, or nearly parallel, columns in one chrono- 
logieal table. They will be considered as sets of monuments- 
relating to contemporaneous, or nearly contemporaneous, series 
of events, Just as aqueous and fossiliferous strata are now 
formed in certain seas or lakes, while in other places volcanic 
rocks break out at the surface—so, at every cra of the past, 
fossiliforous deposits and superficial igneous rocks were in pro 
gress contemmporaneously with others of subterranean and plu- 
tonic origin, and some sedimentary strata were exposed to heat, 
pressure and chemical action, and made to assume a crystalline 
‘or metamorphic structure. 

‘The early geologists gave to all the crystalline and non-fossili-~ 
ferous rocks the names of primitive or Primary, under the ides. 
‘that they were formed anterior to the appoarance of life upon 
the earth; while the aqueous or fossiliferous strata were termed 
Secondary ; and alluviums or other superficial deposits, Tertiary, 
The ‘of these terms has, however, been gradually modi- 
fied with advancing knowledge, and they are now used to 


tarised by the presence of distinctive groups of organi 
ities of Peers them- 


ae He eee Mie easels Sk Ac. ta 
believed bya few geologists to be even of Tertiary age, but itsnust. 
be applied to all rocks older than the Secondary formations. Some. 
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as to indicate, by their position alone, the order in which the 
events recorded in them have occurred. 

In regard to the crust of the earth, however, there are some 
regions where, as the student has already been informed, the 
beds have been disturbed, and sometimes extensively thrown 
over and turned upside down. (See pp. 41 to 69.) But an ex 
perienced geologist can rarely be deceived by these exceptional 
cases, When he finds that the strata are fractured, curved, 
inclined, or vertical, he knows that the original order of #upor- 
position must be doabtful, and he then endeavours to tind 
sections in some neighbouring district where the strata ate 
horizontal, or only slightly inclined, Here, the true order of 
sequence of the entire series of deposits boing 
a key ia furnished for sottling the chronology of those strata 
where the displacement is extreme. 

Mineral character.—The sume rocks may often be observed 
to retain for miles, or even hundreds of miles, the same mineral 
peculiarities, if we follow the planes of xtratifiention, or trace: 
the beds, if they be undisturbed, in a horizontal direction. But 
if we pursue them vertically, or in any direction transveme to the 
planes of stratification, this uniformity ceases almost immediately, 
In that case we can scarcely ever penetrate a atratified mas 
for a few hundred yards without beholding a succession of 
extremely dissimilar rocks, some of fine, others of coarse grain, 
some of mechanical, others of chemical origin ; some caloareous, 
othors argillaceous, and others ailiccous. Those phenomena lead 
te the conclusion, that rivers, wind, and marine currents have 
dispersed the sare sediment over wide areas at one period, but 
at successive periods have been charged, in the same region, 
with very different kinds of matter. The first observers were 
#0 astonished at tho vast spaces over which they were able to 
follow the same homogeneous rocks in a horizontal direction, 
that they came hastily to the opinion that the whole globe had 
been environed by a succession of distinct aqueous formations, 
disposed round the nuclous of the planet, like the concentric 
coats of anonion. But although, in fact, some formations may 
be continuous over districts as large as half of Burope, or even 
more, yet most of them either terminate wholly within narrower 
limits, or soon change their lithological charactor. Sometimes 
Er Sony Neca Sree as if the supply of sediment had failed 

that direction, or they come abruptly to an end, as if we had 
babi prepreaes fergie db atop brtgalest 
their Tt-no lean frequently happens that 
in Shes parca iy eet rp ti tamer A 
zontally. For example, we trece « limestone for a hundred 
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of remote cras, when we have studied their embedded fossils and 
their relative position. 

Zoological provinces.—It was remarked that the same 
species of organic remains cannot be traced horizontally, or im 
the direction of the planes of stratification for indefinite dis- 
tances. This might have been expected from analogy ; for when 
‘wo inquire into the present distribution of living beings, we find 
that the habitable surface of the sea and land may be divided 
into a considerable numbor of distinct areas or provinces, each 
pwoplod by a peculiar assemblage of animals and plants. The 
extent of these separate divisions and the origin of their in- 
habitants depend on many causes, of which climate is one of 
chief importance, though difference of longitude ax well as Inti- 
tude, is generally accompanied by « dissimilarity of indigenous 
species. 

bs ‘Therefore, as different reas and Inkes are inhabited, at the 
samo poriod, in different zonos and depths, by different 
animals and plants, and as the lands adjoining those may be 
peopled by distinct terrestrial species, it follows that distinet 
fossils will bo embedded in contemporaneous deposits, If it 
were otherwiso—if the same species abounded in every climate, 
or in every part of the globe where, 40 far ax we can discower, a 
corresponding temperature and other conditions favourable te 
their existence are found—the identification of mineral masses 
of the sane nge, by means of their included organic contents, 
would be a matter of still groater certainty, 

Nevertheless, the extent of some single zpological provinces, 
especially those of marine animals, is very great; and var 
geological researches have proved that the same laws 
at remote periods ; for the fossils are often identical throughoat 
wile «paces, and in detached deposits, consisting of rocks, vary 
ing entirely in their mineral nature. 

‘The doctrine here laid down will be more readily understoed, 
if we reflect on what is now going on in the Mediterranenn. 
‘That entire sea may be considered ax one zoological provines ; 
for although certain spocies of testacea and zoophytea may: 
be very local, and each region, according to its depth, the tem- 
perature and saltnessof the water and other conditions, has pro~ 
bably some species peculiar to it, EAS pcenriare nomber ere 
common to the whole Mediterranean, 
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perature, as it isin seas extending from the temperate to the 
tropical zone, or from the temperate to the Arvtic regi 
Here a gmdusl passage takes place trom one set of species to- 
another. In like manner, the goologist, in studying particular 
formations of remote periods, has sometimes been able to trace 
the gradation from one ancient prorinee to another, by eare- 
fully observing the fossils of all the intermediate places. His 
success in thus nequiring a knowledge of the zoological or 
botanical geography of very distant areas, has been mainly owing: 
to this circumstance, that the mineral character has no tendency 
to be affected by climate. A large river may convey yellow or 
rod mud into some part of the oeean, where it may be dispersed 
by a current over an area sovern! hundred leagues in length, so 
as to pass from the tropics into the temperate zne, If the 
bottom of the sen be afterwards upraised, the organic remains 
embedded in such yellow orred strata may indicute the different 
animale or plants which once inhabited at tho «ame time the 
temperate and equatorial regions, 

It may be true, as» general rule, that groups of the same 
spocies of animals and plants may extend over wider areas than 
deposits of homogencous composition ; and if x0, palwontological 
chameters will be of more importance in geological classification 
than tho test of mineral composition. 

‘Test by included fragments of older recks.—It was stated 
that proof inay sometimes be obtained of the relative date of 
two formations, by fmgments of an older wok being included 
inanewerone. This evidence may sometimes bo of great use, 
where a geclogist is at a leas to determine the relative age of 
two formations from want of clear sections exhibiting their trae 
order of position, or becatse the strata of each group are 
vertical. In such cases we sometimes discover that the more 
modern rock has beon in part derived from the degradation of 
the oldor, ‘Thus, for example, we may find chalk in one part 
of acountry, and in ancther strata of clay, sand, and pebbles. 
Té some of these pebbles consist of that peculiar flint, of which 
layers more or less continuous are characteristic of the Chalk, 
and which include fossil shells, Sponges, and Foraminifera of 
Croiaceous species, wo may confidently infor that the chalk was 
the older of the two formations. 

Chronological groups,—The separate groups into which 
tho fosiliferoux strata may be divided, are more or les 
numerous, according to the views of classification which different 
geologista may entertain ; but when we have adopted » cortaln 
eystem of arrangement, we immediately find that a few only of 
tho entire series of groups occur one upon the other in amy 
single section or district, 
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fossiliferous groups, a goologist must begin with » single section 
in which several sets of strata He one upon the other. He must 
then tree these formations, by attention to their mineral 
character and fossils, continuously as far aa possible, from the 
starting point. As often aa ho meota with new groupa, he must 
ascertain their age relatively to those first examined by super 
position, and thus learn how to intercalate them in a tabular 
arrangement of the whole, 

By this moans the German, French, and English geologists 
have determined the succession of strata throughout the greater 
part of Europe, and have adopted pretty generally the following 
xroups, almost all of which have their representatives in the 
British Islands, 

Tt must be understood, however, that although in a given 
looality there may be s physical break—unconformity—and 
also a paleontological break, between two successive groups of 
strata, these evidences of lapse of time will not be discovered 
universally and wherever the groups aro in contact. Somewhere 
or other, the groupe will pass insensibly one into the other and 
the classificatory Aiaeiislivom ates longer of value. 

All stratigraphieal schemes are therefore more or leas arti- 
ficial and arbitrary, for the changes wore not contemporaneous 
aver the whole globe. 

From what has been stated, it may be accepted as a general 
but not a perfectly strict truth, that strata of different countries 

ich contain the same species of fossils are of similar geological 
age. Such strata are said to be ‘equivalent,’ ‘on the xasne 
geological horizon,’ and theso terms are used in a very wide sense. 
But the strata containing the same species of fossil, may be 
widely separated, geographically, and this fact is opposed to the 
iden of exact contemporancity, for it took time for the specks 
rent 
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS 


1. RECENT. 
2. PLEISTOCENE. 
3, NEWER PLIOCENE, 
4 OLDER PLIOCENE. 
6. MIOCERE. 
© OLIGOCENE. 
1. UPPER EOCENE. 
& MIDDLE EOCENE. 
®. LOWER EOCENE. 
3, MAESTRICHT BEDS, 
11, WHITE CHALK. 
‘1a. CHLORITIC SERIES, 
3. GAULT, 
14. SROCOMIAN. 
1 WRALDEN. 
. PURBECK BEDS. 
11. PORTLAND STONE, 
‘Ye, KIMMERIDGR CLAY. 
1, CORAL RAG. 
%® OXFORD CLAY. 
3L GRRAT of BATH OOLITE. 
21 INFERIOR OOLITE, 
mus 
‘UPPER TRIAS AND 
‘REATIC. 


% MDDLE TRIAS, 
‘% LOWER TRIAS. 


‘7 PERMIAN, 

M.COALMEASURES AND 
oniTs. 

*.CARBONTPEROUS LINE- 


STONE AND SHALES, 
8. UPPER 
1%. MDL 


DEVONIAN, 
2. LlowER 


BRIAN, 
LAURENTIAN, 


STRATA, 


} POST-TERTIARY. 


' PLIOCENE. 


MIOCENE and OLIGO- 
CENE. 


HOCENE. 


CRETACEOUS. 


JURASSIC. 


‘TRIASSIC. 


PERMIAN, 


CARBONIFEROUS. 





DEVONIAN. 


SILURIAN. 


OAMBBIAN. 


LAURENTIAN on 
ARCHAIAN. 


PRIMARY 





ee ee as 
NEOZOIC. 
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TABULAR VIEW 


or 
THE FOSSILIFEROUS STRATA, 


SNOWING THe OUDUR OF SUPEMNOSITIVY OR CHNONOLOSICAL SUCCESSION oF 
THE PRINCIPAL GROUPS, WITH RAFERESCE TO THE PAORS WBE THEY 
AME DESCEIBED IN THIS WORK, 


POST-TERTIARY. 
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dwellings (p. 117). 
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Glaolal drift af Northern Europe Cp. 140. 
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Western series (p. 287) 
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remains (7 48), 
‘Wenioek Himestone ant sate (p. 427), 
Wonthope limmestane and grit (Ds #0). 
‘Paramen mules (p.481} Debi 


Foreign—Oriukany, Lower Hallerberg, Salim, Nia 
arm groupe CV). 648). 
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‘Pentemerns ( 
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ae 1X) ORDER OF SUPERPOSITION, 


CHAPTER IX. 
CLASSEFICATION OF TERTIARY FORMATIONS, 


‘Grier of succession of sedimentary formations—Frequent unconformability 

of ESE mmagd of the reeard—Defectivences of the monuments 

Is reportion to thelr antiquity—Reasons for studying the newer 

aks ope Seaclatare of formations—Detached Tertiary formations 

peatlered over Eunije—Value of the shell-bearing mollusca in claadi~ 

extion—Classification of Tertiary strate—Locene, Oligccene, Miocene, and 
Pliocene, Terms explained. 


By reference to the tables given at the end of Chapter VET, 

the reader will see that when the fossiliferous rocks are arranged 

, we have first to consider the Post-tertiary and 

then the Tortlary or Catncacic formations, and afterwards to 
pase on to thoso of older date, 

‘Order of superposition.—The annexed diagram will show 


ithe order of soperporition of thess deposits, assuming them all 
eiereads|in’ bos ccbtinuous section. Ya nature we have 


Pig. 8% 


SECONDARY 
TERTIARY 


opportunity of secing the wholo of the strata displayed 
Gaaingle rogion ; first, becauso sedimentary deposition is con- 
tate ay cpl geological period, to limited areas ; and 


in the exact manner there represented, be- 
Suse sumeot them repos vccasionally in unconfurmable strati- 
Beatioas om othere This mole of superposition has boon already 
Saphiined at p). 68, fig. 78, where I pointed out that the discord~ 
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ance which implies a considerable lapse of time between two: 
formations in juxtaposition ix almost invariably 
‘a great dissimilnrity in the species of organic remains. 

Frequent unconformability of strata —Whore the widest 
gaps appear in the sequence of the fimail forms, as between the 
Permian and Triassic rocks, or between the and 
Eocene, examples of such unconformability are very frequent. 
But they are also met with in some part or other of the world 
at the junction of almost all the other principal formations, and 
sometimes the subordinate divisions of any one of tho leading 
groups may be found lying unconformably on another sub: 
ordinate member of thesame. Instances of such irregularities in 
the mode of succession of the strata, are the more intelligible the 
more we extend our survey of the fossiliferous formations, for 
we are continually bringing to light deposits of intermediate 
date, which have to be interoalated betwoon those previously 
known, and which reveal to us a long series of events, of which, 
antecedently to such discoveries, we had no knowledge. 

But while unconformability invariably bears testimony to a 
lapse of unreprosented time, the conformability of two acts of 
strata in contact by no means implios that the newer formation 
immediately succeeded the older one. It simply implies thut the 
ancient rocks were subjected to no movements of such a nature 
as to tilt, bend, or break them before the more modern formn- 
tion was superimposed. It does not show that the earth's eruat: 
was motionless in the region in question, for there may have 
‘been a gradual sinking or rising, extending uniformly over a 
large surface, and yet during such movement the 
Seamyiren havo retained thelr ‘original horizontality of 

very different animal remains and 
Kin eg voskenn rocks Tay ati be conformable, yot great changes = 
have occurred. may have been a conversion of a 

area from #oa into land and from land into sea, and daring hen 
changes of level some strata may have been slowly pene ds by 
aqueous action, and after this new strata may be superimpesed, 
differing perhaps in date by thousands of years or centuries, and 
yet resting conformably on the older set. Thore may even be & 
UlvmRing ot the materials constituting tho older deposit wih Wines 
of the newer, 80 a8 to give rite to a passage in the mineral 
of the one rock into the other as if there had beea 

no break or interruption in the depositi 
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a fow of the lowest forms of invertebrata, while somo orders of 
animals and plants, wholly unrupresented in the living world, 
bogin to be conspicuous. 

When we study, therefore, the geological records of the earth 
and its inhabitants, we find, as in human history, the defective: 
ness and obscurity of the monuments always increasing the 
romoter the era to which we refer, the meks becoming more 
generally altered and crystalline the older they are, and the 
difficulty of determining their true chronological relations 
becoming more and more enhanced, especially when we are 
comparing those which were formed in very distant regions of 
the globe. Honce we advance with sccurer atope when we 
begin with the study of the geological records of later times, 
proceeding from the newer to the older, or from the more to the 
les known. 

In thas inverting what might at first swe; to be the more 
natural order of historical research, we must bear in mind that 
each of the periods above enumerated, even the shortest, such as 
the Poat-tertiary, or the Pliocene, Miocene, or Eocene, embrace 
fA succession of events of vant extont, so that to gives antis- 
factory account of what we alroady know of any one of them 
would require many volumes. When, therefore, we stady one 
of the newer groups before endeavouring to decipher the ment- 
iments of an obler one, it is Like endeavouring to master the 
history of our own country and that of some contompormry 
nations, before we enter upon Roman History ; or like inveatign- 
ting the annals of Ancient Italy and Groece before we apprach 
those of Egypt and Assyria, 

Momenclature.—Tho origin of the terme Pritnary and 
Secondary, and the synonymous terms Palmomic and Meseaoic, 
have been explained in the Eighth Chapter, p. 12, 

‘The Tertiary or Cainotoic strata (see p. 102) were so called 
Decauso thoy were all posterior in dato to the Secondary series, 
of which last the Chalk or Cretaceous constitutes the nowest 

. The whole of the Tertiaries were at first confounded 
with the superficial alluviums of Europe ; and it was long before 
their real extent and thickness, and the various ages to which 
they belong, ware fully recognised. They wore observed to 
esour in paiches, some of freshwator, others of marine origin, 
their inl area being usually small as compared to the 
wocondary formations, and their position often suguesting the 
idoa of their having heen dopositod in different bays, lakes, ws 
taaries, or inland eas, after u largo portion of the space iw 
occupied by Europe hid alroudy heen converted into dry land, 

‘The first deposits of this class of which the characters were 
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and that of the Loire, ‘The other example occurs in n Italy, where 
strata, containing many fonsils similar to those of Bordeaux, 
were observed by Bonelli and others in the environs of Turin, 
snbjacent to strata belonging to the Subapennine group of 
Brocchi. Long afterwards the superficial Inyers which caver 
many of these, and which have thelr stones scratched and 
polished, were found to contain arctic shells, 

‘Valuo of testacean fossils in classification.—It will be 
observed that in the foregoing allusions to organio renaina, the 
‘teatacea or the shell-bearing mollusca, are selected aa the most 
useful and convenient class for the purposes of general claaaifiea- 
tion. In the first place, they are more universally distributed 
through strata of every age than any other organic bodies, 
‘Those families af fossils which are of rare and casual occurrence 
are absolutely of no avail in establishing chronological wrange- 
ment. If we have plants alone in one group of strata and the 
bones of mammalia in another, we can draw no conclusion 
respecting the allinity or discordance of the organic beings of 
‘the two epochs compared; and the same may be said if we have 
plants ond vertebrated animals in one scricw and only shells in 
another. Although corals are more abundant, in a fossil state, 
than plants, reptiles, or fish, they are still rare when contrasted 
with shells, because they are more dependent for their well-being, 
on the constant clearness of the water, and are, therefore, less 
likely to be included in rocks which enduro in consequence of 
their thickness and the copiousness of sediment which prevailed 
when they originated, The utility of the Testacea is, moreover, 
enhanced by the circumstance that some forms are proper to the 
#ea, others to the Land, and others to freak water, Rivers, 
ever fail to carry down into their deltas some lnnd-shells, to- 
wether with species which are at once fluyiatile and lacustrine, 
By this means we learn what terrestrial, freshwater, and marine 
upecios coexisted at particular eras of the paat ; and having thes 


advance a step farther, and show that certain quadrupeds or 
aquatic plants, found fossil in lacustrine formations, inhabited 
‘the globe at tho same period when certain fish, reptilos, and 
zoophytes lived in the ocean. 

other characters of the molluscous animals, which 
render them extremely valuable in settling chronological quea- 
tions in geology, may bo mentioned, firvt, the wide 
range of many species ; pes ead what is probably a con- 
sequence of the former, the great duration in remiss 
this class, for they appear to have surpumed in longevity the 
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‘Sorapis waa embedded, In that caso the date of the monament 
buried in the marine strata is ascertainable, but in many other, 
and more or loss similar, instances the exact age of the remains 
of human workmanship is uncertain, as in the estuary of the 
Clyde at Glayow, where many eanoes have been exhumed, with 
other works of art, all assignable to some part of the Recent 
Period, 

Danish peat and sholl mounds or kitehen-middens,— 
Sometimes we obtain evidence, without the aid of » change of 
level, of events which took place in prehistoric times. ‘The 
combined labours, for example, of the antiquary, zoologist, and 
botanist have brought to light many monuments of the early 
inky te buried in peat mosses in Denmark. Their geologi- 
cal age ix determined by the fact that, not only the contempo- 
rancous freehwater and land shella, butall the quadrupeds, foand 
in the peat, agree specifically with those now inhabiting the 
ame districts, or which are known to have been indigonows in 
Denmark within the memory of man. In the lower beds of 
peat (a deposit varying from 20 to 90 feet in thickness), weapons 
of stone accompany trunks of the Scotch fir, Pinus eyteetric. 
‘This pent may be referred to that part of the stone period for 
which Sir John Lubbock proposed the name of ‘Neolithic! * in 
contradistinction to a still older era, termed by him *Palmolithie,” 
and which will be described in the sequel. In the higher por- 
tions of the same Danish bogs, bronze lmplements are associated: 
with trunks and ncorns of the common oak. It appears that the 
pine hasnever been a native of Denmark in historical times, and 
it seems to have given place to the oak about the time when 
articles and instruments of bronze superseded those of stone, 
It also appears thnt, ot w still later period, the oak itaolf beoamne 
scarce, and was nearly supplanted by the beech, a tree which 
now flourishes luxuriantly in Denmark. Again, at the still 
later epoch when the beech-tree abounded, tools of iron were 
introduced, and were gradually substituted for those of bronze, 

‘On the consts of the Danish islands in the Baltio, certain 
mounds, called i in those countries ‘ Kjvkkon-médding,’ or it 
chen. ) occur, consisting ehiefly of the castaway shells 
of the oyiter, cuckle, periwinkle, and other eatatle kinds of 
mollusks. Theo mounds are from 3 to 10 feet high, and from 
100 to 1,000 feet in their longest dinmeter. They greatly re 
semble heaps of shells formed by the Red Indians of North 
‘America along the eastern shores of the Unitod States, which I 
saw in 1845, and have described olsewhure.* In the old refuse- 

§ Six John Labbeck, Prehistoric? Second Visit to United States, 
‘Timts, p. 3, 1885, yo. ip, SR TES, 
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bones which served for the food of the ancient people are thoes 
of deer, the wild boar, and wild ox, which abounded when society 
was in the hunter state. But the bones of the later or brome 
epoch were chiefly those of the domeatic ox, goat, and pig, indi- 
eating progress in civilisation. None of the great mammalia or 
the commonest animals of the antecedent period are found 
preserved. Some villages of the amooth stone age ure of Inter 
date than others, and exhibit signs of an improved state of the 
arte. Among their relics are discovered carbonised grains of 
wheat and barley, and pieces of bread, proving that the cultiva- 
tion of ccreals had begun. In the same settlements, also, cloth, 
mado of woven flax and straw, has been detected, 

The pottery of the bronze age in Switzerland is of a finer 
texture, and more elegant in form, than that of the age of stome. 
At Nidan, on the Lake of Bienne, articles of iron have also been 

#0 that this settlement was evidently not abandoned 
ti that metal had come into use. 

At La Thine, inthe northern angle of the Lake Nenfehiitel, 
a great many articles of iron have boon obtained, which in form 
and ornamentation are entirely different both from those of the 
bronze period and from those tsed by the Romana. Coins, 
which sometimes occur in deposita of the age of iron, have never 
been found in the deposits of the ages of bronze or stane. 

‘Tho manufacture of bronze was very general over Karope apd 
Asia, and as tin, which enters into this metallic mixtare im the 
proportion of ubout 10 per cent. to the copper, was not a com- 
mon motal, and was not found everywhere, commerce must 
have existed, It is known that Cornwall was traded with late 
inthe age. Very few human bones of the bronze period have 
beon met with in the Danish peat, or is the Swias lal 
and this acarcity ix gonorally attributed by archwologists to the 
castom of buming the dead, which prevailed in the age of 
bronze, 
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From the foregoing observations we mny infer that the ages 
of iron and bronze in Northern and Central Europe were pre- 
coded by astone age, the Neolithic, referable to that division 
Ss ope taser epoeh which 1 bare called esate Sn 
ie Leeper ilrebaers ins accompanying 
the stone implements were of liv: ect But memorials 
have been brought to light of a still older age of stone, for which, 
fs above atated, the name Paleolithic has been propesed, when 
man Was contunporary in Europe with the great mnamealin, of 
which the mammoth and hairy rhinceeros are examples, aed 
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were the sane as those now growing. 'The situntion of the shell- 
mounds and lake-dwellings above alluded to is such 48 to imply 
that the topography of the districts where they are observed has 
not subsequently ondenzone any material alteration. Whereas, 
we no sooner examine the Pleistocene (Post-pliocene) forma- 
tions, in which the remains of so many extinct mammalia are 
found, than we at once perceive « more decided discrepancy 
betwwen the former and present outline of the surface. Sinoe 


Vig. Be 


Biddentam 
‘Gravel Bit 








‘Seotion scrom the Viiloy of the Ouse, two milles WNW. of Eeifor* 


Ooithe steana, 
Boulder day, oF marine nother det Fine to about ality fee shore Mae Qi, 
t Eewtel, with elophant bones, Freakwater sbells, and Aint im plersemtn 
sheen alluvicina of the Oxsc. 
‘Frvel pit, at the bottom of which tint tools wore toned. 


those deposits originated, changes of considerable magnitude 
have been aitected in the depth and width of many valleys, as 
aloo in the direction of the superficial and subterranean drai 

and, a8 is manifest near the sea-const, in the relative position of 
land and water. 

Tn the above diagram (fig, 36) is shown the relative position 
which the gravel, containing flint implementa and the bones of 
extinet animals, beara to the older formations, out of which the 
valley has been formed. In fig. 87, p. 121, 9 similar but ideal 
section was given, illustrating the different positions which the 
Recent und Pleistocene alluvial deposits occupy: in many Bure 
pean valleys. 

‘The pest No. 1, (fig. 87) has been formed in a low part of the 
moxlern alluvial plain, in parts of which gravel No, 2 of the 
recent period is soen, Ovor this gravel the loam or fime sedi- 
mont ¥ has in mary places been deposited by the river duriteg 
floods which covered nearly the whole alluvial plain. 

No. S represents an older alluvium, composed of sand anil 
gravel, formed before the valley had been excavated to its pru- 
ent depth, Tt contains the remains of fluviatile shells of living 
ss pees SR the bonea of mammalia, in part af 

Wyatt, + Geok 1803, 
Boden ell praca; ies, ond » Bet autiqiity of Slane dd deree 
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flint implements of a rude type as to lead him to infer that both 
the organic remains and the works of art were referable to one 
and the same period. This inference was soon after confirmed 
by Professor Proutwich, who found in 1850 a flint isoplerment in 
situ in the same stratum at Amions that contained the remains 
of extinct mammalia, Since that time palwolithic stone imple- 
ments have been found in many valley gravels on all the oon 
tinents. 

‘The Aint implementa found at Abbeville and Aanions (Bigs. 88 
and 89), are different from those commonly called ‘celts’ (fig. 
90). These celts, ao often found in the recent formations, have 


Pig. 38. 


Tabeatthle dat toydement, Palalithle oval-shaped Ot plex 
sive ‘Gre-thrd ot the origtanl mam 


«more ae oblong shape, the result of grinding, ty which 
alsom sharp edge has been given to them, The Abbeville im= 
ploments found in gravel at different levels, as in Now. 3 and 4, 
fig. 87, in which bones of the Elephant, Rhinocores, and other 
extinct mammalia occur, are always unground, having evidently 
boon brought into their presont fonn simply by the chipping off 
of fragments of flint by repeated blows, such as could be given 
by ayother stone. 

‘Some of them are oval, others of a spearheaded farm, no two 
exactly alike, and yet the greater number of each kind are obvi- 
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prey prowling about the same alluvial flats in search of food may 
also have been surprised more readily than the human tenant of 
the sane region, t whom the algus of a coming tempest were 
better known. 

Xnundation-mud of rivers.—Drick-oarth.-2tuviatile 
Toam, oF loens. general rule, the fluviatile alluyia of 
different ages (Nos, 2, 3, 4, fig. 57, p. 121) are severally made up 
of coarse materinis in their lower portions, and of fine ailt or 
loam in their upper parts. For rivers are constantly shifting 
their position in the valley-plain, encroaching gradually on one 
bank, near which there is deep water, and deserting the other or 
opposite aide, where the channol ia growing aballower, being 
destined eventually to he converted into land. Where the 
current runs strongest, coarse gravel is swept along, and where 
ita velocity is alackened, first sand, and then only the finest 
wud, is thiown down. A thin film of this fine sediment is 
spread, during floods, over a wide area, on ono, or sometimes on 
both sides, of the main stream, often reaching as far aa the base 
of the bluffs or higher grounds which bound the valley, OF 
such « description are the well-known annual deposite of the 
Nilo, to which Egypt owos its fertility, So thin are they, that 
the aggregate amount accumulated in a century, is said rarely to 
exceed five inches, although in the course of thousands of years 
it has attained a vast thickness, the bottom not having been 
reached by borings extending to a depth of 76 foot towards the 
central parts of the valley. Evarywherw it oonaista of tho sume 
homogeneous mud, destitute of stratification—the only signs of 
successive accumulation being where the Nilo has silted up its 
channel, or where the blown sands of the Libyan desert have 
invaded tho plain, and given rise to altornate layers of sand ated 


mud, 

In tiver-loams we occasionally observe isolated 
pebbles and angular pieces of stone which have buen floated by 
ice to the places whore they now occur; but no auch coarse 
materials are mot with in the plains of Egypt. 

__ In soano parts of the valley of the Ties the ea 


tucertained, by analysis, that it agrees in composition with the 
ey eal Although for the most part anetrntified, it 
betrays in some places marks of stetifcation, especially wher 
it contains calearvous concretions, or in its lower part where it 
rests on subjacent gravel and sand which alternate with each 
other near the junction. About a sixth part of the whele mass 


ll 
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would have its alluvial plain gradually mised by an accumulation 
of sediment, which would only cease when the subsidence of the 
land wasatan end. If the direction of the movement was ther: 
reversed, and, during the re-vlevation of the continent, the 
inland region nearest the mountains should rive more rapidly 
than that near the const, the river would acquire = 

power sufficient to enable it to sweep away, gradually, much 

the loess with which parts of its basin had been filled gp. 
‘Terracos and hillocka of mud and sand would thea alone remain 
to attest the various levels at which the river had thrown down 
and afterwards removed alluvial matter, 

Migh plateaux gravels and Joess.—Thesw are spread far 
and wide (seo fig. 97, No. 5), and are oithor vory distinet in 
their charnetor or merge gradually into soil abave and the parent 
rock below. In the first instance they contain stones brought 
froma distance, and this and their covering up oqually strate 
of many kinds, § only explicable by the area of deposit having 
been at one time below slowly drifting water. 

Cavern deposits containing human remains and bones 
of extinct animals.In England, and in almost all countries 
where limestone rocks abound, caverns are found, usually com 
wisting of cavities of large dimensions, connected: together by 
low, narrow, and sometimes tortuous gallerics or tunnele 
‘These subterranean conduits are usually filled in part with mud, 
pebblea, and breccia, in which bones may occur belonging te 
animals, Some of there bones are referable to extinct and 
others to living species, and they are occasionally intermingled, 
‘as in the valley gravela, with implements of one or other of the 
great divisions of the stone age, and these are not unfrequently 
‘acompanied by human bones, which aro very rare in yalloy 
alluvium, 

Ench suite of caverns, and the passages by which they com- 
municate the one with the other, afford memorials to the 
geologist of successive phases through which they must hare 
posed, Firt, there was a period when the carbonate of lime 
was carried out gradually by drainage water containing carbonie 
‘acid gas; secondly, an era when engulfed rivers or occasional 
floods awept organic and inorganic débris into the subterranean 
hollows thus formed ; and thirdly, the fornation of stalagmite 
‘on the floor covering up the deposits. 

"Serb pepsin ial es a earings on 
Devonian Hmestone, near Lidge, in Belgium, has afforded the 
geologist magnificent sections of some of thene caverns, and the 
former communication of cavitien in the interior of the rooke 
with the old surface of the country, by means of vertical or 
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A fine example of a Hywna’s den was afforded by the eave 
of Kirkdale, so well described by the late Dr. Buckland in his 
*Reliquiss Diluvianw.’ In that care, above twenty-five miles 
NNE. of York, tho romaina of about 300 Hyzwnas, bel te 
individuals of every age, were detected. The species (, 
apelaa) has been considered by palwontologists as extinct ; it was 
larger than the fierce Hyorna crocuta of South Afriea, which it 
cloaely resembled, and of which it is regarded by Professor Boyd 
Dawkins asa variety. Dr. Buckland, after carefully examin- 
ing the spot, proved that the Hywnas must have lived there; « 
fact attested by the quantity of their dang, which, as in the cue 
of the living Hysenn, in of nearly the same composition ax bome, 
and almost as durable. Tn tho cave wore found the romaine of 
the Ox, Mammoth, Hippopotamus, Rhinoceros, Hore, Bear, 
Wolf, Hare, Water-rat, and several birds. All the bones have 
the appearance of having been broken and gnawed by the teoth 
of the Hyswnas ; and thoy occur confusedly mixed in Jonm er 
mud, or dispersed through a crust of stalagmite which covers it, 
In these and many other casea it is supposed that portions of 
herbivorous quulrupeds have been dragged into caverns by 
beasts of prey, and have served as their food—an opinion quite 
consistent with the known habits of the.living Hyzna, 

Austraiian cave-breectas,—(ssiferous breccias are not 
confined to Europe, but occur in many other parts of the globe 
where there are limestone rocks ; and those discovered im fissures 
and caverns in Australia, correspond closely in character with 
thos of Europe, but not in the organic remains, 

Some of these caves were examined by the late Sir T. 
Mitchel! in the Wellington Valloy, New South Wales, and the 
breccia contained a great accunmulation of bones of auknals, 
none of which have been found beyond the Australian distriba- 
tional province. On the other hand, no remains of any Euro: 
pean or Asiatic animal were found. Tho bones belonged to thous 
families of Marsupials only, which are now existing in Australia, 
‘The animals wore vigantio in some inxtances, ‘The genors 


gigantic ond small, extinct and still existing species. 
animal called Diprotodon from ite grunt front tecth, another, 
the Nototherivm, and alao Protemnodon and Sthenwrus were 
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South American or Australian, and the animals of Asin did not 
roarn to the south, into Australia, 

CUmate of the Pleistocene Period, —The evidence a tothe 
climate of Europe during this epoch i is somewhat 


ox (Ovibos moschatus), now inhabitants of the Arctic regions, 
occur fossil in the valloys of the Thames and Avon, and 

in France and Germany, accompanied in most 

Mammoth and the Woolly Rhinoceros, At Gray 

‘on the other hand, other species of Elephant and 

eros occur together with the Hippopotamus and 
Suminatia, 6 shell now extinct in Europe but still an 

of the Nilo. With it cceura the Unio littoralix 


the river Wiley, tho Greenland Lemming and » mow species 
of the Arctic genus Spermophilus have boon found, along with 
the Mammoth, Reindeer, Cave-hywna, and other mammalia 
muited to a cold climate. A flint implement was taken, out 
from beneath the bones of the Mammoth. In higher 


geological facta to the vast antiquity of the human race. In 
the first place the extinction of many species of large animals, 
‘and the disappearance of a great variety of species of wildanimals 
from every part of a wide continent, must have required a yaat 
period for its accomplishment ; yet this took place while mas 
existed upon the earth, and was completed before that early 

when the Danish shell mounds were formed or the oldest 
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snore complex organisation ; the Brachiopoda, forexample, more 
slowly than the lamellibranchiate bivalves, while the latter 
have been more persistent than the univalves, whether Gastero- 
poda or Cephalopods. In like manner the specific identity of 
tho chameters of the Foraminifera, which are among the lewest 


Vig. 90. 
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os air ‘eave nour Palerioo ; molar 


wenthints of ate 
aise, Pi . Recent, 


mae Deer. 
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fewouhiniswai size, Qc 4lde view; Two-thirds of wat. sie, 
seeker mt 


ae invortebrata, has outlasted that of the mollusea in 
equally: 


» those who have 
never mtuitied comparative anatomy, it may seem scarcely 
Sredible that a single bone taken from any part of the skeleton 
‘may enable a skilful osteologist to distingnish, in many cases, 
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the genus, and sometimes the species, of quadrupeds to which 
it belonged. Although few geclogists can aspire to such know- 
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ledge, which must bo tho result of long practice and mtudy, they 
will neverthdless derive grent advantage from learning, what 
is comparatively an easy task, to distinguish the principal 
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‘The figures on pages 152, 133, 134 represent the teeth of 
some of the swore common species and gener found in alluvial 
Soa 

the grinding surfaces of the corresponding 
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Hehorivimus (fig. 98), is much thicker than in that of tho [hino- 
cevos leptorhines (tig. 7). 
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reer form, and characters of glacial drift—Funda- 
ina Exsie, sx sessed —Araing sh stating 

vot glaciers—Momiaes, erratic lilocks, and * Rochos Moutonnces "— 

ie the Jure—Continental ice of Greenland—Ancient centres 


Sie ‘erration—Transportation of drift by floating leebergs 
furrowed and Ppa by the running aground of flont~ 


cas tin now 
Meemary to consider some remarkable deposits which often 


In speaking of the 
matter cotimonly found on the surface of the 
of the globe, I alluded to the exceptional cha- 

hax been called the boulder formation in the 

and Arctic Intitudes of the northern hemisphere. 
er) acre ert the 50th, and in 
North America north of the 39th parallel of latitude, is now 
wttribated to the action of icc, and the difference of 
“respecting it, is now chiefly restricted to the question 
lund-ioe or floating icebergs have played the chief part 


exces of cetil, conditions, Principles, wold 
bs madifeus (11 iat, haps, xiland xh 
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in its distribution. It is wanting in the warmer and equatorial 
regions, and reappears when we examine the lands which He 
south of the 40th and 50th parallels in the southern hemisphere, 
as, for example, in Patagonia, Tiorra del Fuego, and New 
Zealand. It consists of sand and clay, containing a mixture of 
angular and rounded fragments of rock, of which some may be 
of Iarge size. It is often wholly devoid of stratification for a 
depth of 50, 100, or even a groator numbar of foct, and is Gea 
sionally found stratified, especially in the higher parte of the 
series of deposits, and where sandy beds occur with marine 
organisms, To the unstratified form of the deposit tho name 
of tilt has long been applied in Scotland, while it is also gener= 
ally known as ‘boulder clay.” The included stones nemally 
have one or more of their sides flattened and smoothed, or 
even highly polished, the smoothed surfaces usually exhibiting 
many parallel scratches, one set often crossing an okler set, 
‘Tho till is almost everywhere deveid of organic remains, ex- 
cept those washed into it from older formations, but im some 
places it contains marine shells usually of northern or Arctic 
spocies, and frequently in a fragmontary state. The bulk of 
the till has usually been derived from the grinding down into 
mud, of rocks in the immediate neighbourhood, so that it 
is red in a region of Red Sandstone, as in Strathmore in For- 
farshire ; grey or black in « district of coal and bituminous 
shalo, ay around Edinburgh ; and white in w chalk country, aa 
in parts of Norfolk and Denmark. The stony fragments dis 
persed irrogularly through the till usually belong, especially in 
mountainous countries, to rocks found & some part of the same 
hydrographical basin. But there are regions where the whole 
‘of the boulder lay hns ccmo from a distance, and huge blocks, 
or ‘ erratics,' a8 they have been called, many feet in diameter, 
have not unfrequently travelled scores of miles from their point 
of departure, or from the parent rocks from which they have 
evidently been detached, and haye crossed over the water 
partings of the original and other valleys. ‘These ntones are 

commonly angular, and have often one or more of their sides 
polished and furrowed. 

The rock on which the boulder formation reposes, if it con- 
sista of granite, gneins, limestone, or other hard stone, enpable 
of retaining any superficial markings which may 
have been imprinted upon it, is usually smoothed ot polishod, 
like the erratic# above described. Ic exhibits parallel strive and. 
furrows having a determinate diroction Such etrie are found 
‘at great clovations, and even at 3,000 foot in the Highlands. 
‘The direction, both in Europe and North America, agrees gener- 
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unctuous clay was frequently found covering the sea floor near 
glaciers, 

‘Transporting and abrading power of glacters.—In the 
higher regions of mountains where the amount of mow that falle 
in winter ao far exceeds the logs in autnmor, through melting and 
evaporation, an indefinite thickness would accumulate if it were 


Pie. 107. 
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itwerlate. CA 
se White streaks oe sratches, caused by stall nine ot int fren Lito the tox. 
Th Purrwen, 
not prevented by the formation of nevé, This becoming grdu- 
ally converted into ice, the glaciers are fed, and they glide down 
the principal valleys. On the glaciers’ surface are seen long lines 
or heaps of sand and mud, with angular fragmonta uf rock, which 
fall in quantitios'from the steep alopes or precipices on either 
side, where the rocks are daily exposed to great changes of 
tomperature. These deposits being arranged along the sides of 
the glacier ary termod lateral moraines, Whon two glaciers 
meet, unite and continue their course, the right lateral moraine 
of the one and the left of the other meet together in the centre 
of the joint glacier, forming what is called a medial momnine. 
Thess surface moraines finally fall, or are dropped at the lower 
‘end oF font of the glacier, nnd form the terminal moraine. 
Besides the blocks thus carried down on the top of the glacier, 
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composed of gneiss, celebrated under the name of Pierre & Bot, 
rests on the side of a hill about 900 feet above the lake of Neaf- 
chAtel, and is no lesa than 40 feet in diameter, 

The manner in which these erratics were conveyed from the 
Alps to the Jura was formerly the subject of considerable con+ 
troversy. M, Venetz proved that the Alpine glaciers must 
formerly have extended far beyond their present limita, and i 
was argued that the blocks now found on the Jurw had beem 
transported by their agoncy. Other writers, on the contrary, 
conjectured that the whole country had been submerged, and 
that the moraines and erratic blockamust have been transpurted 
hy Soating icebergs, as it was held that the difference in height 
between the two mountain mages was not sutlicient to have 
allowed the glaciers to have flowed from the Alps across the 
wide valley to the Jura, Bat the definite order in which the 
Alpine erratics are arranged, and the total absence of marine 
shells, have gone far to disprove this last hypothonin Besides, 
we have no right to assume that therelative heights of the Alps 
and Jura have remained unaltered since the era of the trams 
portation of the erratica, still lees that the change of level whieh 
last took place was uniform over a great district, whether in 
quantity or dirvetion. 

In addition to the many evidences of the action of ice im the 
northern parts of Europe which we have already mentioned, 
there occur here and there in some of these countries what are 
wanting in Switzerland, dopoaits of marine fomil sbells, which 
exhibit so many forms now characteristic of Arctic sexs, that 
they must have led the yeologist to infer the former prevalence 
of a much colder climate, even had he not encountered so many 
accompanying sigus of ice action. The samme marine shells de- 
monstrato the submergence of lange arexs in Seandinavia and 
the British Isles during part of the Glacial period. 

Acharacteristic feature of the deposits under consideration 
in all these countries, is the occurrence of large erratic blocks, 
and sometimes of morsine matter, in situations remote from 
lofty mountains, and separated from the nearest points where 
the parent rocks appear at the surface by great intervening 
valleys, or arms of the sea, Wo also often observe atria gud 
furrows, a8 in Norway, Sweden and Scotland, which deviate 
from the dirmetion which thoy ought to follow if they had been 
connected with the prusent line of drainage, and they, therefore, 
imply the prevalence of a very distinct condition of things at 
the time when the cold was most intense. The actual state of 
North Greenland seems to afford the best explanation of such 
abnormal glacial markings, 
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action is going on upon tho surface of the subjacent rocks, 1 
also learn from Dr. Torell that there ore large areas on the 
outakirts, now no longer covered with permanent snow or 
glaciers; which exhibit on their surfnce unmistakeablo signa of 
ancient ice action, 80 that, vast as is the power now epee by 
ics in Greenland, it must once have operated on n still 

scale, The fwnd, thongh now very elevated, may perhaps have 
been formerly much higher. It is well known that the south coast 
af Greenland, from latitude 60° to about 70” N.., has, for the Last 
four centuries, been slowly sinking, By thismeans a surface of 
rock, well scored and polished by ice, is now slowly subsiding 
Venesth the sea, and ls becoming xirewed over, as the icebergs 
melt, with impalpable mud and smoothed and scratched tones, 
It is not precisely known how far north this downward move- 
ment ex! 

‘Drin carried by icedergs.—An account was given ao long 
ago as thu yoar 1822, by Scoroiby, of icoborys soon by him in 
the Arvtle seas drifting along in latitudes 69° and 70° N., which 
rose above the surface from 100 to 200 feet, and some of which 
measured a mile in citeumference. Many of them were loaded 
with bods of earth and rock, of such thickness that the weight 
was conjectured to be from 50,000 to 100,000 tone. ‘The borg 
have been known to come as far south as 40°N. A siinilar 
transportation of rocks is known to be in progress in the 
southern hemisphere, where boulders included in ice are as 
frequent as in the north. Ono of these icebergs was encountered 
in 1839, in mid-ocean, in the Antarctic regions, many hundred 
miles from any known land, sailing northwards, with a lange 
erratic block firmly frozen into it. D’Urville found that one of 
them which he saw thating in the Southern Ocean was 13 miles 
Jong and 100 fest high, with walls porfectly vertical, nnd the 
top flat. The submerged portions of such bergs must, according 
to the weight of ico relatively to sea-water, be from six to eight 
times more considerable than the part which is visible, ao that 

whon they arv once fairly set in motion, the mochanienl force 
whick they might exert against any obstacle standing in their 
oway would bs prodigious, 

‘Ice floes which cover a large surface, and are bat # few feet 
above the level of the sea, carry mach stone, which falls from 
the cliffs dering the thaw in the high Arctic latitades, Thay 
are carriod by currents to the ocean, and dissolveand drop their 
loads. Erratic blocks and moraine matter will be 
soinuwhat irregularly after reaching the son, for not only 
ipuiiteyicetcdsvaea aacioa’ enrreatagovern thi distea leek 
the drift, but the shape of the submerged area will have its in- 
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sont down glaciers from the contral regions in all 
towards the sea. *The glacial grooves,’ he observed, *mdiate 
outwards from the central heights towards all points of the 
compass, although they do not always strictly conform to the 
actual shape and contour of the minor valleys and ridges.” 

These facts and other characteristics of the Scotch drift lead 
us to the inference that when the glacial cold first set m, 
Scotland stood higher above the sca than at present, and was 
covered for the most part with snow and ice as Greenland ix 
now, This sheet of land-ice, sliding down to lower levels, 
ground down and polished the: subjacent rocks, sweeping off 
nearly all superficial deposite of older date, and leaving only till 
and boulders in their place, To this continental state succeeded 
a period of depression and partial submergence, whon the sea 
advanced over the lower lands, and Scotland was converted into 
an archipelago. 

[An the tides and marine currents flowed through what were 
then wide straits and arms of the sea, it is probable that the 
boulder clay suffered groat waste and furnished the material for 
the stratified sandand gravel which is now spread over the low 
ground and sides of the hills up to a height of 2,000 feet, and 
in places heaped up in those mounda of gravelly drift called 
*kames.’ Some of the brick earths with Arctic shells have been 
referred to this epoch, when the climate was still so cold that 
icebergs large enough to bear huge ermtie blocks floated on the 
soa and mingled their burdens with the gravel at the sea bottom. 

Lastly, the land re-emerged from the water, and, reaching a 
level somewhat above its present heights, became connected 
with the continent of Europe, glaciers being formed once more 
in the higher regions, though the ico probably nover rogained 
its former extension." After all these changes, there were some 
minor oscillations in the level of the Jand, on whieh, although 
they have had important geographical consequences, separsting 
Ireland from England, for example, and England from the con- 
tinent, we need not here enlarge. 

Mammoth in Scotch til!,—Almost all remains of the terrestrial 
fauna of the continent which proceded the period of submer- 
gence have been lost ; but a few patches of estuarine and fresh- 
water formations, containing the aood of the pond-weed Potaamor 
gtton and Ranwnewlus ogwatilis, escaped denudation by sub- 
mergence. To these belong the peaty clay from which several 
mamunoths’ tusks and horns of reindeer were obtained at Ki- 
maura in Ayrahire as long ago as 1816, Mr, Bryve in 1865 


® A. Getkie, Trans, Geel. Soe. Glasgow, vol. 1. part 2 1868. 





tenes of ill with glaciated boulders.” The incumbent till or 
is about 40 foot thick, but it often attains much 

of Scotland, 
drift. —The greatest height to which 
traced in this boulder-clay is at 
milos cast of Glasgow, 524 foot 
t that spot they were found em- 
ith till above and below them. 
the overlying deposit was true 
granite were observed in it, 
istances of aixty miles at the least. 
only a few out of a lange 
h, taken a8 a whole, bear 


ii 
i 
Hi 


4 


i 
i 


fll 
E i 


assemblage of 


‘Borthers dials commen in the drift of the Cite in Beotland, 


tetimony to conditions far more arctic than those now pre- 
‘ailing in the Secttish sons. But a group of marine sholla, 
fa still greater excess of cold, has been brought to 
1800 by the Rev. Thomas Brown, from glacial drift 
om the borders of the estuaries of the Forth and Tay. 
porcurs ot Elie in Fife, and at Brrol in Perthshire ; and 
ly afforded abont 25 shells, all of living xpocies, and 
nts of Arctic regions, such as Leda truncata, Tellina 
figs. 114, 115), Peeten Greenlandiows, Crenella 
" igra, and others, some of them first brought 
hy Captai from the coast of Molvillo Taland, 
ay ‘Those were all identified in 1863 by Dr. 

F Biryes, Quart, Joure. (ieot. See. vollxxi p 217. 1866. 
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Torell, who had just returned from a survey of the stat around 
Spitzborgen, whore he had collected no less than 150 species 
of mollusca, living chiefly an a bottom of tine mud derived 
from tho moraines of ylaciera which protrude into tho sea. 


Fy. Pig. 119. 


Telline calearen, — Peidine proztowr 

6, Tuteetor of same.  Onta of ett valve, 

Wat, stra, 1 Tnterlor of sama. 
Ho informed mo that tho fossil fauna of this Scotch glacial 
deposit exhibits not only the species but also the 
variotios of molluaca now characturistic of very high latitudes, 
Their lange sixe implies that they formerly enjoyed a colder, or, 
what was to them a more congenial climate, than that now pre 
vailing in the latitude where the fossils occur. Marine shells, 
nearly all of Aretic spocies, have boon found in the glacial drift 
of Caithness and Aberdeenshire at heights of 250 feet, and in 
Banff 350 feet ; stratified drift continuous with theabove ascends 
to heights of 500 fect. The temperature of the sca was as low 
as that of the present Arctic seas. 

Contorted strata in drift,—Tn Scotland the beds of stratified 
gravel, sand, and clay covering the till are sometimes horizontal 


‘Seation of contorted drift ereriying till, anon on lett bank of 
Cortachie, in 1860. Height af section even, from a 


and sometimes contorted for a thickness of several feet. Such 
contortions are not uncommon in Forfarshire, where I obaeeved 
them, among other places, in a vertical cutting made in 1840 
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near the left bank of the South Esk, cast of the bridge of 
Cortachio. Tho contortions of the beds of fine and course 
sand, gravel, and loam extend through thickness of no less 
ae aera cxifron tts, fe 116, the horizontal 
being resumed very abruptly at a short distance, ax 
whet 9 The overlying coarse gravel and sund a, is 
‘ip some places horizontal, in others it exhibits cross bedding, 
aes ern in etna by & 
undergone. some casos fragmenta of sbratifi and 
Gerieea Dest ea arma fathetaldchsat grat see 
‘Whore aro indeed many signs in Scotland of the action of 
Moating foe, us might have been expected where proofs of sub- 
mergence in Saeed present. Among thevo are 
the occurrence of large erratic blocks, frequently in clustora 
‘at or moar the tops of hills or ridges, places which may have 
or shallows in the sea where flouting ice would 
ground and discharge its cargo, Land-glaciers would, 
contrary, chioily discharge their cargoes at the bottom 
of valleys. Traces of an earlier and independent glaciation 
have also been obscrved in some regions where the striation, 
produced by ice proceeding from the north-wost, is 
‘explicable by the radiation of lnnd-ico from # central moun- 
region. 
oeaped A, Soar F.R.S., gives the following average 
henomena in Scotland in descending order 
ot th cao a 


Last traces of glaciers, small moraines at the foot of corries 
among the higher mountain grou 
eemeeeecees9 Co sce bighee Clyde beds containing 


settee oping dren yom Ww’ the 0: toot ruaod 


Erratic blocks. 
Pi mys + Soot Same or Esker series, sometimes con- 
organiame, sometimes marine sholls. 


= rudely stratified clays with aands and 


Doulder-clay ; a stiff, atony, unstratified clay, 100 
foot or more in thickness, Contains intercalated beds of fine 
post, bones of Elephas primigenius, and Rein- 

“eden boreal marine shells. 


rock surfaces. 
‘the maranoth’s (Blephas primigenins) tasks 
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Glaciation of Wales and Engtand.—In the mountainous 
districts of the North of England the vestiges of former ice-netion 
are as unequivocal as in Scotland, and point to the former presence 
of a great thickness of ice spreading outwards to the wea, Tho 
direction in which this ice flowed is indicated hy the boulders 
from the Lake district and the Solway Firth which are strewn 
over the low ground of Anglesea and the Isle of Man. .To the 
eastward the transportation of erratica from Cumberland bas 
boon traced by Profesor Phillips over a large part of Yorkshire, 
extending to a height of 1,500 feet above the sea, As in 
Scotland, it is dificult to say how much of this boulder-clay 
should be referred to the action of Jand-glaciura and how nimch 
to floating ico during submergence. The East of England, 
far south as Suffolk, is bordered by deposits of glacial drift 
which have boon derived from the denudation of the high ground 
in the North of England as well as the soft strata of the inter- 
vening valleys. ‘Tho greater part of this drift has, no. doubt, 
been depoxited under water, nx it contains patches of sand with 
marine shells; and the assemblage in Holderness of erratic 
blocks from such widely different quarters as Cumberland, Seot~ 
land, and Scandinavia, can hardly be explained without eslling in 
the agenoy of floating ico. Tho mountains of North Wales worw 
recognised, in 1842, by Dr. Buckland, as having been an in 
dependent centre of dispersion for erratics—great glaciers, long 
since extinct, having radiated from the Snowdonian heights 
in Carnorvonshire, through seven principal vulleya towards 
as many points of the compass, carrying with them large 
stony fragments, and grooving the subjacent rocks in as many 
directions. 

Before this evidence of the occurrence of land glaciers had 
‘beon obtained, Mr. Trimmer hd, in 1831, detected the signa af 
a great submergence in Wales, which happened during the 
Pleistocene period. He had observed stratified drift, from 
which he obtained about a dozen species of marine shells, near 
the summit of Moel Tryfnen, o bill 1,400 fect high on the south 
side of the Menai Straits. Thad an opportunity of examining, 
in the summer of 1863, in company with the Rev. W, 5. 
‘Symonds, a long and deep cutting made through this drift, At 
the top of the hill above mentioned wo saw a stratified mas of 
incoherent snd and gravel 35 feet thick, from which no leas than 
55 wpecien of mollusca, including 11 Arctic or Northorn species, 
have been obtained by Mr, Darbishire and Dr, J. Gwyn 
Jeffreys, They belong, without exception, to npecies still living 
in British or more northern seas; there being no southem 
forma. In the lowest heds of thin drift were large boulders of 
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obtained from this formation. Tho great elevation st which 
these shells occur, and the still greater height to which the sur 
face of the rocks in the mountainous regions of Ireland leas been 
smoothed and striated by ice-nction, have Jed geologists to the 
opinion that that island, like the greater part of England and 
‘Scotland, after having been united with the continent of 

from whence it received the plants and animals now inhal 

it, was in great part submerged, The conversion of this and 
other parts of Groat Britain into an archipelago was followed by 
are-elevation of land and a second continental period. After 
all these changes the final separation of Ireland from Great 
Britain took place, and this event has been supposed to have 
proceded the opening of the Straits of Dover.’ 

Drift of Worfork cliss.—There are deposits of boulder-clay 
till and mand in these cliffs, principally made up of the waste of 
white chalk and flints which may be advantageously studied on 
the coast betwoon Happisburgh and Weyborne, and between 
‘Lowestoft and Yarmouth. Here we may se them in vertical 


Pig.ti7, 


9 © 


‘TelLina balthton (7, soliduta), usd. alee, 


cliff, sometimes 200 feet and more in height, exposed for a 
distanes of many miles, at the base of part of which the chalk 
with flints erops out in nearly horizontal strata. A boulder-clay 
largely composed of fragmenta of chalk, which is sproad over © 
large part of Norfolk and Sulfolk, is exhibited in section at the 
top of the cliffs near Lowestoft and Yarmouth. It there rests 
on a thick bed of fine sand called the ‘Middle Glacial Sand? by 
Messrs. 8. Wood and Harmer, as they have found it occu 
‘a position intermediate betwoon the chalky boulder-clay 
older glacial drift which is well shown near Cromer, ‘The upper 
part of the cliff is there composed of beds of mand and loam, 
often strangely contorted. The oontortion was probably pro- 
Auood by the grounding of bergs and floes when they were 
moving with soue rapility, ‘They sometimes envelope eration 
‘of solid chalk, and more frequently hage massos consisting of 
chalk which has been crushed and broken into small fragments. . 


# See Antiquity of Man, chap. xiv, 
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eon found in deposits of Chillesford and Aldeby age, whether 
at Sudbourn, Easton Bavent, Horstead, Coltishall, Burgh, or 
whero they overlie the Norwich Grag proper at Bramerton and 


Thorpe. 

‘The glacial drift is absont south of the Thames and Bristol 
Channel, but the south-western counties often present a surface 
beneath the soil which has been produced by the action of frost 
on the rocks beneath. In other parts of England the presence 
of the glacial deposits ia by no means universal, and there are 
many localities and important valleys without a trace of them. 

Professor A. Geikie gives tho following catalogue of the 
drift deposits of England, Walos, and Ireland — 

Morainos and raised beaches. 

Upper boulderclay, stiff but sandy, lees unstratified than 
the lower clay, containing marine shells and stones, 

Middle sands and grevels, containing marine shells (Moel 
‘Tryfaon, Maceleafiold in England). In Ireland marine sholl 
deposits at 1,300 feet. 

Lower boulider-clay, a stiff clayey deposit full of ice-worm 
blocks, and equivalent to the till of Scotland. 

Bridlington dritt.—'he so-called crag at Bridlington, com- 
taining many mollusca of Arctic kinds, is 4 mass of old glacial 
deposit which has been torn up by stranding ice and embedded 
in boulder-clay, 

Erratics near Chichester-—The most southern memorials of 
ico-nction and of a Plaixtoouna fauna in Great Britain are on the 
coast of Samex. A nuarine deposit exposed betwoen high and 
low tide occurs on both sides of the promontory called Selsus 
Bill, in which Mr, Godwin-Austen found thirty-eight species of 
xhellx, and the number hus since boon raised (1873) tow kundred 
and forty. ‘These erratics and shells were probably brought by 
ice floating in the English Channel of thoso days. 

This assomblage is interesting hecause on the whole, while 
all the species are recent, they have a somewhat more southern 
aspect Gan those of the present British Channel. What ren< 
dors this curious is the fact that the sandy foam in which 
ocour is overlaid by yellow clayey gravel with lange 
blocks which must have been drifted into their present position 
by ioe when the climate had anorca.theah cL ‘These trans- 
ported fragments of granite, ayenite, and greenstone, as well as 
of Devonian and Silurian rocks, may have come from the conist 
of Normandy and Brittany, and are many of them of such lange 
size that wo must auppose them to have boon drifted into their 

present site by coast-icc. 

reustiaie of Scandinavia and Russia.—In large tmots of 
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present, they are of species still living in northern seas, and not 
afew of them are identical with those belonging to European 
drift, including moat of those already figured, p. 45. ‘The fauna 
also of the glacial epoch in North America {& less rich in apecies 
than that now inhabiting the adjacent sen, whether in the Gulf 
of St, Lawrence, or off the shores of Maine, or in the Bay of 
Massachusetts. 

‘The extension on the American continent, of the range of 
erratica during tho Post-pliocene period, to lower latitudes than 
in Europe, agrees well with the present southward deflection 
of the isothermal lines, or rather the lines of equal winter 
temperature. It seems that formerly, as now, a more extreme 
climate and a more abundant supply of fcc prevailed om the 
western side of the Atlantic. Another resemblance between 
tho distribution of the drift fossils in Europe and North Americs 
hns yet to be pointed ont, In Canada and the United States, aa 
in Europe, the marine shells are generally confined to very 
moderate olevations above the sea (botween 100 and 700 feet), 
while the erratic blocks and the grooved and polished surfaces 
of rock oxtend to elevations of several thousand feet. 

The rocks which underlie the glacial deposits of North 
Americo are well ico-worn, and strie are found on them at 
great elevations, Tho Catskills, which rise from the plain of the 
Hudson, nre found grooved and striated up to near their suns 
mits, or to about 3,000 fect. The White Mountains are ice- 
worn to 5,300 feet." 

The Champiain sories of glacial deposite are unsteatified 
and stratified drifts, and were formed after the boulderclay, 
‘Their lower portion is marino, reachoa up the valleys from the 
omst, and contains Leda truncata, Saxricirce eugosa, and Tellin 
Greelandica, with bones of wala and whales. Most of the 
shells, of which ono hundred species are known, are Arctic or 
boreal, and one half are common to the British glacial beds, 

Terraces of marine origin occur on the const and far inland, 
from 150 to 500 feet. Inland, the terraces often show four or 
five platforms, ax in the Connecticut Valley. 

Thave already mentioned that in Europe several quadrapeds: 
of living, as well as oxtinct, species were common to pre-glacial 
and post-glacial times. In like manner, there is reason to suppose 
thatin North America much of the ancient mammalian fauna, 
togethor with nearly all the invertubrata, lived through the ages 
of intense cold. “That Mastodon gignatews was very sbum- 
dant in the United States ufter the drift period, is evident from 


© Geikie, Text-book of Geohgy; p. 8%. 
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that now prevailing. In the same countrios lakes abruptly cease 
beyond the glaciuted regions. 

A large proportion of the smaller lakes are dammod up at 
their lower end by barriers of unstratified drift, having the exact 
character of the morainea of glaciers, and sre termed by 
geologists ‘ morninic,’ but some of them are true rock-basins and 
would hold water even if all the loose drift now resting on thelr 
margins were removed. Glacial action may have formed a few 
«mall rock basins, but not the large lakes. 

‘One of the most serious objections to the exclusive origin by 
ice-erosion of wide and deep lake-basins arises from their eapri- 
cious distribution, as for example is Piedmont, both to the east 
ward and westward of Turin, whore great Inkes are wanting, 
although some of the largest extinct glaciers descending from 
Mont Blanc and Monte Rosa came down from the Alps leaving 
their gigantic moraines in the low country, Here, therefore, 
we might have expected to find lakes of ‘the finst magnitude 
rivalling the contiguous Lago Maggiore in importance. 

A still more striking illustration of the same absence of lakes 
where large glaciers abound is mid to be alforded by the 
Caucasus, whore loftiest peaks attain heights from 16,000 to 
18,000 feet. The present glaciers of this mountain chain are 
equal or superior in dimensions to those of Switzerland, yot it 
is remarked by Mr. Freshfield that *a total absence of 
on both sides of the chains, is the most marked feature. Not 
only are thore no grost subalpine shovts of water, like Como. or 
Geneva, but mountain tarns, such as the Dauben See, om the 
Gemmi, or tho Klonthal See, near Glarus, are equally wanting? 
‘The Himalayas are singularly free from lakes, 

Laken contain « remarkable fauna; the crustacea have 
marine affinities, and in some lakes there are seals which cannot 
pass in by the existing rivers, ‘The great North American lakes 
have submerged caiions on their floors The grander lakes are 
old areas of denudation, depressed or heightened above sea-level 
by crust movonients. ‘They were not formed during the glacial 
period. 
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CHAPTER XIII. 
PLIOCENE rEnrop. 


er forest-bed—{ts fauna—Norwich Crag — (der 

“lawn sm ‘strata— Red 1 cra of Suffolk—Copirolitic hed of Red Crag— 
‘or Coralline i ae age, origin, nnd climate of the Crag 
Sepedite— Belgian Miccene—Newer Pliocene steata of Sicily—Newer Plio- 
eaen ‘the Upper Val d'Arno—Older Pliocene of Italy —Subspen 
etaata—Older 


Piieeens tlora of Tusly—Pliocens of Pranee—German 
Pikocene — | — Vienna baxin—Omeous deposits of Pikermi— 
Pliccene of fhana—Pliocene of United States. 
Tx ia in the countics of Norfolk, Suffolk, and Exsox that we 
obtain our most valuable information respecting the British 
Pliocene strata. They have been termed ‘Crag,’ from a pro- 
‘incial word which is applied to shelly sand. 
ere a acerne The old land surface upon which tho gle. 
cial depoaita collected was necossarily worn and much denuded, 
See tea br taacoy niccrerary relic of the fauna 


‘which underlie glacial beds, and one in particular at Cromer 
¢ bo taken as the topmost member of the great formation 
pitkrpermsulstod. Ista in the Pliocene period, during a slow 
process of diminution of mean aunual temperature which cul- 

inated subsoquently in the Glacial ago. 
| Cromer Forest-bed,—Intervening between the glacial for- 
ee lies what has been 
‘Cromer Foreat-bed, near the base of a series of fresh- 


‘more than forty miles, being oxposed at certain seasons between 
high and low water-mark, It is the remains of an old land and 
the submerged nturaps of trees, 

erect with their roots in the ancient soil. 


‘exceptions ; and the remains of the Water- 
‘and other plants that now live in marshes 
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‘Through the lignite and forest-bed arescattarod cones of the 
Scotch and Spruce firs with the leaves of the white Water-lily, 
yellow Pond-lily, Buckthorn, Oak, and Hazel. ‘The fauna ia a 
Yory suggestive one, and should be compared with that of the 
river gravels and caves (pp. 121, 127) of the Ploistocene age, and 
with that of the Pliocene of the Val d’Arno in Italy {p. a 
About fifty mammals, some Reptilia, Amphibia, Fish, and 


C. megaceros, and nine other species 
ot Door, Antilope, Trogontherivm, Castor europe, Areiolo, 
Mus syicestris, Talpa, Sorex, Myogals, Blephas weridionalis, 
B. antiqua, Balacnoptera, Monodon, Delphinws, the common 
‘Snake and vi per, Toad, and Triton, the Pike, &e Tt ix deubt- 
fal if Elephas primigenius 

‘Tho forest-bed is evidently an old ‘and surface, and whilst 
some geologists reduce it to a clay with rootlets in it, others in- 
sist that tho xturupe of troos found upon it lived and grow there. 
Mr. Searles Wood, jun., after a long study of tho localities, 
believes that the forest-bed resting on the chalk near 
and which contains the important fauna jost noticed, ix of 
ago—that is to nay, is anterior to any glacial phenomena 
importance. He considers that the Chillesford 
worn into a valley at Kessingland, and that the mammalian 
remains found there, associated with a clay containing roatlets, 
are newer than those of the Cromer forest-bed, 

Mr. C. Raid, of the Geological Surrey, believas that all the 
troe-etumps aro drifted specimens. He states that the doposit 
iscovored with freshwater, and thie wiih a wring 
‘This last contains Leda myalis, Trophon antiquis, Nucule Cob 
haldie, The freshwater deposit hax Unio, Paludina, Planorbin, 


oes Hits vec dite of byeatin wv te he seamen 
crag presently to bo described. 
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waa perforated by the Pholas crispata, each fossil shell still 
remaining at the bottom of its cylindrical eavity, now filled ap 
with loose sand from the incumbent cmg. This species of 
Pholos still exints, and drills the rocks betwoon high and low 
water-mark on the British coast, The name of ‘ Flavio-marine” 
iss often been given to this formation, as no less than 
spocios of land and freshwater shells have been found in it, 
They are all of species which still exist ; at least only one 
univalve, a Palulin, has any claim to be regarded aa extinet. 
Of the marine shells, 111 in number, about 17 per cent. are 
extinct, according to the Intest estimate given by Mr, Searles 
Wood in his Supplement to the Crag Mollusca ;* but this per- 
centage must be regarded only as provisional. Some of the 
Arctic shells, which form so large « proportion in the Chillesford 
and Aldeby beds, are mere rare in the Norwich Crag, though 
many northern species—such as Khynchonelle peittacea, Scalaria 
Gromlaniica, Astarte borealis, Parcpos woreepica, and othare— 


igi. 


still occur. Tho Nwewla Cobbollim and Tellina oblique are fre- 
quent in these beds, as are also Littorina littoren, Cardiim eclule, 
and Turritella communis, of our sens, proving the littoral origin 
of the beds, 

Doubtful aa the order of succession of these beds must be, it 
is rensonable to infer from the fauna, that the Norwich Crag is 
the oldest, the Forest-bed next in succession, and the Chilles- 
ford clay of still later date (p. 151). 

Older Pliocene strata,—Rea Crag.—Among the English 
Pliocene beds the next in antiquity is the Red Crag, which 


often rests immediately on the London clay, as in the county of 
Easor, illustrated in tho accompanying diagram. In Saffolk it 


\ Palnontograplical Seciety, 1874. 








162 RED CRAG. (om xm. 


greater proportion of Moditerranean specios. Voluta Lamberti, 
an extinct species, which seems to have flourished chiefly in the 
antecedent Comlline Crag period, is still represented here by 
individuals of every age. 
‘The reversed Wholk (fig. 126) is common at Walton, where 
the dextral form of that shell is unknown. Heré also specimens 
of lamellibranchiate molluscs are some- 
times found with both the valves united, 
showing that thoy belonged to thin sea 
of the Upper Cray, and were not washed 
in from an older bed, such as the Coral- 


Foluta Lamberti. Sow. Yolute Lambert, 
vi ini Ce Oar, 


line, in which case the ligament would not have held woos 
the ‘valves in strata so often showing signs of the beixterous 
action of the wares. Such specimens of united valves ars, 
however, rare. Mr. Searles Wood, after a most assiduous 
search, has only detected thirteen specios in this perfect con- 
dition, and among these Mactra ovilis alone is common. "The 
‘true corals found in the Red Crag, indicate sea with a tem- 
porature higher than that of the presont German Ocean. 

At and near the base of the Red Crag isa loose bed of brown 
nodules, first noticed by Professor Honslow as con a 
large percentage of earthy phosphates. This bed of 
(as it is callod, bocnuss they wero originally supposed to be the 
feces of animals) does not always ocour at one level, but fa 
generally in largest quantity at the junction of the Crag ani the 
‘underlying formation. In thickness it usally varies from six 
te eighteen inches, awl in some rare cases amounts to many 
fect. It haw been much used in agriculture for manurs, s* 
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of any length can be obtained, speculations as to the thickness 
of the whole deposit must be very vague. A bed of phosphatic 
nodules, very similar to that before alluded to in the Red Crag, 
with remains of mammalia, has beon mot with at the base of 
the formation at Sutton, 

Whenever the Red and Coralline Crag occur in the same 
district the Red Crag lies uppermost ; and, in some causes, ax 
in the section represented in fg. 127, which T had an opportanity 


Tig. 137, 
Shottiatonss 
‘Creek, 


testioa near Weottetilge, ta SeifoTe. 
Tedd Crag. , Caraitine Crag. & Londons Clay. 


of seeing exposed to viow in 1839, it is clear that the older 
deposit or Coralline Crag b had suffered denudation, before the 
newer formation a was thrown down upon it. At D there was 
not unly sen o distant cliff, eight or ten feet high, of Coralline 
Crag, running in # dirvction N.E and 8,W., against which the 
Red Crag abuts with its horizontal layers, but this lif occa- 
sionally overhangs. Tho rock composing it is drilled every- 


Foscivotaria seruntioen, ilve Tsenats, 4. Vanity, Tebedipertr, of extee anther. 
Tryoenan of extinct genus, trots tho Inferlor 6e Coraline Crag, Sasol, 
2 Tinton os irae 
; riven ttltod i egoncad tenes" 0nd Se 
whens by Pholodes, the holes which they perforated having been 
afterwanis élled with sand, and covered over when the power 
beds ware thrown down. ‘The older formation ix shown by ite 


fosails to have accumulated in a deeper sea, and contains very 
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forms such as the Limyet, Patellc, found 
‘So great an amount of denudation could 
in such incoherent materials, without 


_Aubyrie mati, La}, ist eine; epectes ooramen to Upper nail Lower Cree. 
with the orerlying Red Crag, hence considerable difficulty must 
be halon ‘experienced thee in deciding to 
which spotivs origin longed. 

‘Mr. Searles Wood estimates the total number of marine 
testaceons mollusca of the Coralline Cmg at 316, of which 


‘are known as living. No less than 130 species of 
been found in the Coraline Crag, some belonging 
belived to bo naw extinct, and of a very peculiar 


fourteen species being known, and many of them 

in individuals, Thore is an absence of genera peculiar 
climates, such as Conus, Otiea, Fusciolaria, Crassatella, 
‘The absorice also of large cowries (Cypram) in ro- 
found belonging exclusively to the section 

‘Volute, called Voluta Lamberti (noo fig, 124, 
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p. 162), may seem an exception ; but it differs in form from the 
Volutes of the torrid zone, and its nearest living ally, Folate 
Junonia, hus been dredged up? in the Gulf Stream in extre- 
tropical latitudes, 

The occurrence of a species of Lingule at Sutton (sve fig. 130) 
is worthy of remark, as this genus of Brochiopoda is now con- 
fined to mors equatorial latitudes ; and the same may be said 
still more decidedly of a species of Pyrula, aupposed by Mr. 
Wood to be identical with P. retioulata (fig. 131), now living 
in the Indian Ocean. A genus also of echinoderms, called by 
Professor Forbes Tesnechunus (fig. 132), occurs in the Red and 
Coraline Crng of Suifolk. Ts nearest analogue isin the warm 
eastern seas of Burmah and of the Western Pacific Islands 

Climate of the Crag Deposits, —One of the most Interesting 
conclusions deduced from a careful comparison of the shells of 
the British Pliocene stratu and the fauna of our present sexs 
waa pointed out by Professor E, Forbes. It apposra that 
during the Glacial period, an epoch intermediate, as we have 
seen, between that of the Crag and our own time, many end 
previously established in the temperate zono, retreated sputh- 
wards to avoid an uncongenial climate, and they have beea 
found fossil in the Newer Pliocene strata of Sicily, Southern 
Italy, and tho Grecian Archipelago, where they may have ex- 
perienced, during the era of floating icebergs, a climate resem- 
bling that now prevailing in higher European latitudes. The 
professor gave a list of fifty shells which inhabited the British 
seas while the Coralline and Red Crag were ferming, and which, 
though now living in our seas, were wanting, as far as was then 
known, in the glacial deposits. Some few of these species have 
subsequently boon found in the glacial drift, but the general 
conclusion of Forbes remains unshaken. Thin view is ably 
supported by Mr. Searles Wood in the concluding remarks of 
his Supplement to a ‘Omg Mollusca,* where he points out how 
the yeographical changes produced hy that sinking down of 
lund which ienpaniati the Glacial period may have altered 
the coast line, shutting out a former connection with the 
Mediterranean, and opening for a time a new one with the 
Scandinayinn sens.” 

‘The transport of blocks by ice, when the Red Crag was boing 
deposited, appears to me evident from the huge size of some 


3 A Bollta. of Ma- » Palmont 
srt Comte anit, ee 
TNE, Peaten, Mex. Cost. Ba site te Crag esa 
Gt Brit. vol. i'p. 858. T Sieo, ath els 1eTaop, Mes 
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frregular, quite unrounded chalk flints, retaining their white 
Gana 0k loth Nong iy 18 inches beset fn bed work’ for 
phoephatic nodules at Foxhall, four miles south-east of Ipawich. 
‘These must have heen tranquilly drifted to the spot by floating 
‘Mr. Prestwich also mentions the occurrence of a large 
block of porphyry at the base of the Coralline Crag at Sutton, 
which would imply that the ice-action had begun in our seas 
even. in this older period, The mean annual temporsture 
gradually diminished from the time of tho Coralline to that of 
the Norwich Crag, and the elimate became more and more 
Without some oscillations of temperature, 
ite maximum in the Glacial period, or at the 
beginning af the Pleistocene. 
ae eater ee oe te. caes of She Tacent 
far the greater numbor of the marine species occur- 
fing in the sereral Cry formations are still inhabitants of the 
British waa; but even theso differ considerably in their relative 
abundance, some of the commonest of the Crag shells being 
now extremely scarce—as, for example, Buccinum Dalei—while 
others, mrely met with in a fossil state, are now very common, 
and Cardium echinatim. Some of the spocios 
‘also, the identity of which with the living woald not be disputed 
}, are novertheless distinguishable aa yarioties, 
deristions in form or a difference in average 
Mr, Searles Wood firat described the marine 


te ere tek fant tate i. Searlen Wood finda 
scarcely prodoce any eppreciable ditferenco in the 


ord beds of early Glacial age. 
‘with the uppermost or Chillesford beds, it will be 
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seen that about 15 per cent. of species of Mollusca are extinct, 
or not known as living; while in the Norwich Crag, which 
succeeds in the descending order, 16 in 100 are extinct. 

To camo next to the Red Crag, the reader will observe that 
® percentage of 27 is given of shells unknown as living, and 
tds inorensee to 30 in the antecedent Coline Crag. Bat the 
gap betwoon these two stages of our Pliocene deposits is really 
wider than these numbers would indiente, for several reasona 
In the first place, the Coraline Crag is more strictly the pro- 
duct of a single period ; the Red Crug, as wo have seen, consisted 
of separate and independent patches, slightly varying in age, 
of which the newest, or that called by Mr. Searles Wood the 
Serobularia Crag, was probably not much anterior to the Norwich 
Crag. Moreover, there was a it change of conditions, both 
ua to the depth of the sea and climate, between the periods of the 
Coralline and Red Crag, causing their faunas to differ far more 
widely than would appear from the above numerical results 

‘The number of species rejected from the Red Urag as having 
been derived from other strata, already in existence at the time, 
is no less than 87, The derivative origin of a species may 
sometimes be indicated by the extreme scarcity of the individuals, 
their colour differing from that of the majority and from that 
of the rock, and their worn condition ; whereas an 

conclusion may be arrivedat by the integrity 
dian ‘of tho shells, especially when they mre of 


delicate and tender atricture, or thor 
abundance, and, in the cave of the lamelli- 
branchiata by their being held together 
by the ligament, which often happens when 


the shells have been so broken that litth 
more than the hinges of the two valves: 
rmemutoto, tn. AFC preserved. Fosaila derived from older 
aoe ‘nat ow beds are called rewmaing. 
back ‘@he Pilocene deposits of Bolgtums, 
‘as now limited by Mourlon, consist of = 
lower division~Systime Diostien, at the base of which are 
sands with great quantities of bones of Cetaccans with excessive 
‘elongation of the head (Heterocelacew). On the ferruginows sands 
of this mystem rest sands with Dsocoridia cor, covered by others 
with Pusus contrariws, These two last groups compose the 
Scaldesian system, and contain a vast quantity of Coen 
mains, with those of fish and also shells, 
Bonesth the Diostion is the Black Crag, or Antworp Orag, 
which is considered to be a passage bed betwoun the Miocene 
and Pliocene formations. It is rich in Cotacean bones. 
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are found, and out of 50+ species about 17 per cent, only are 
found living in the Mediterranean. 

Large trvpical shells, and anany littoral and deep-sea corals 
and foraminifera are found in this series. On the top of tho 
Zancleon ars blue clays followed by Ostinn yellow sands. The 
Zanclean is Older Pliocene, and the superincambent strata are 
Newer Pliocene. 

South of the plain of Catania ia a region in which thetertiary 
beds ure intermixed with voleanic matter, which hss been for 
the most part the product of submarine eruptions. It appears 
that, while the Newer Pliocene strata were in courae of de- 


Tig, 133, 


position at the bottom of the sea, yoloanoes burst out beneath 
the waters, like that of Graham Island, in 1831, and these 
explosions recurred again and again at distant intervals of time. 
Volcanic ashos and sand were showered down and spread, by 
the waves and currents, so as to form strata of tuff, which are 
found intercalated between bods of limestone and clay contain- 
ing marine shells, the thickness of the whole mass exceeding 
2,000 feet. 

No shell is more conspicuous in these Sicilian strata than tho 
great acellop, Peoten Jacebana (fig. 135), now so common in the 
neighbouring seas. The more we reflect on the proponderatiay 
nutaber of thisand other recent shella, the more we ate sarprisel 
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The strata, for example, of the Superga, near Tarin, are Miocene ; 
those of Asti and Parma Older Pliovens, as is the blue marl of 
Siena ; while the shells of the incumbent yellow snd of the 
same territory approach more nearly to the recent fanna of the 
Mediterranean, and may be Newer Pliocene, 

We have seen that most of the fossil shells of the Older 
Pliocene strata of Sutivlk which are of recent spectes are iden- 
tical with testacea now living in British seas, yet some of them 
belong to Mediterranean species, and a few even of the genera 
aro those of warmer climates, We might therefore expoct, in 
studying the fossils of corresponding age in countries bordering 
the Mediterranean, to find some specics and gener of warmer 
latitudes among thom. Accordingly, in the marle belonging to 
this period at Asti, Parma, Siena, and parta of the Tuscan and 
Roman territories, we observe the genera Conus, Cypreea, 
Stromha, Pyrula, Mitra, Pasciolaria, Sigaretus, Delphinula, 
Aneillaria, Oliva, Terebellum, Terebro, Perna, Plicatula, and 
Corbis, some characteristic of tropical seas, others represented 
by species more numerous or of Inrger size than those now 
proper to the Mediterranean, 

Older Pifocene flora of xtaly.—The Val d'Arno blue 
clays, with some anbordinate layers of lignite, oxhibit a richor 
flora than the overlying Newer Pliocene Veda, and one receding 
farthor from tho existing vogetation of Europe. They also core 
prise more species common to the antecedent Miocene period, 
Among the yenera of flowering plants, M. Gaudin onumorates 
pine, onk, evergreen oak, plum, plane, alder, elm, fig, laurel, 
maple, walnut, birch, buckthorn, hiccory, sumach, sarsaparilla, 

cinnamon, Glyptostrobus, Tuxodium, Sequote, Persse, 
Oreodaphne (fig. 196), Casta, Proriter, and some others. Thi 
assemblage of plants indicates a warm climate, but not so sub- 
tropical a one as that of the Upper Miocene period, which will 
presently be conaidered, 

‘M, Gaudin, jointly with the Marquis Stozi, has thrown 
much light on the botany of beds of the same ago in another 
part of Tuscany, at a place ealled Montajone, between the 
rivers Elaa and Evola, whore, among other planta, is found the 
Oreodaphwe Heerii, Gnud, (see fig. 136), which is probably only 
a varioty of Oreodaphne fastens, or the Laurel called the ‘Pil in 
Madeira, where, as in the Canaries, it constitutes a lange portien 
of the native woods, but cannot now endure the climate of 
Europe. In the fossil specimens the same ylands or protuber- 
‘ances are preserved "(ooo fig, 186), a8 those which are seen io 

* Contributions k la Flore fowile italienne, Gnudin nui Stree 
Patol}, Gg. % Gandia, p. 2% 
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elephant (Blephas meridionalis) is foond, with Riimoceros etrusous 
and Trogontherium, associated with Hippopotamus major. 

At Montpellier a marine deposit overlies sand with fossil 
monkey, Semnopitheous monopassulancus, Mastodon, Rhinoceros 


Fig, 136, 
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megurhinus, Tapirus, Hyena, Felis, Lutea, Lagomys, Sus, Cereus, 
Antilope, Hysnaretua, 

In the Auvergne, numerous species of deer, a few antilepes, 
und Elephas, Hippopotenua, Hycent, Hipparion, and Machai- 
vodus have been found. 

Tn tho valley of the Sane, deposits contain Blephas meri 
dionalis, B. antiquus, Mastodon areernensis, M. Borsoni, Bywus 
atenonis ; and in the Limagne the same Mastodons were accom= 
panied by Rhinoceros, Machatrodua, Tapirus, and Antilope. ‘The 
‘Marnes W’Hauterives, with freshwater shells and Congertan strata 
of the Valley of the Rhone, rest unconformably on the under 
lying Miocene. 

Count Soporta has examined the Older Pliccens of Maxi- 
mionx, near Lyons, nnd found the genom Bamboo, Liyuidasbar, 
Liriodendeon, Acer, Glyptostrohes, Magnolia, Populus, and Salix. 
‘There was a marked abundance of evergreens, which gives the 
flora a southern aspect ; but with a diminishing mean tempera: 
ture, the flora became transitional between that of the Miocene 
and the present day, 
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the generg Machairodus, several species of Felis, Hyena, 
Hyenictis, Limnocyon, Mustela, Ictithorium, ca ne Ro- 
dents, Hystrin; Edontata, Ancylotherinm; Proborcates, Masto- 

don, Dinotherivm; Porissodactyla, sevural species of Rhineceros, 
Acerotheriian, Lepteclon, Hipperion ; Artiodactyla, Sws, Comelo- 
pardalis, Helladotherium, Antilope, Gazelle, Palewrys, Palaorens, 
Dremotherivom, A turtle and « Saurinn, and birds of the 
pheasant tribe and a crane, This remarkable assemblage is 
characterised by a strong African element. 

Piocone of Xadia,—In India, in the Sind ares, there ia a 
succession of Eocene, Oligocene, and Miocene marine strata, 
covered by freshwater and terrestrial deposits of great thick- 
peas, callod Manchhar strata. Theso lastare the 
valents of the conglomerates sands, marls, and gravels which flank 
the Himalayas on the south, and which are called the Sivalik 
strata. These are terrestrial and freshwater deposits, and are the 
results of the denudation of the country during the time when 
the Himalayns gradually rose into a great mountain masa. 

In the Manchhars the following genera of Vertebrata have 
been discorered:—A mphycion, a carnivore ; Proboscidea, Masto~ 
dow (three species), Dinotherivm ; Porlsodactyls, Rhimocervs, 
Acerotheriun; Artiodactyla, Sus, Hemimeryx, Sivameryr, 
Chalicotherinm, Anthracotherium, Hyopotamus, Hyotheriwm, 
Doreotherium; Edentata, Manis ; Roptilin, Crocodilus, Chelonia, 
Ophidia, &o, 

‘Tho mollusea of tho Sivélik strata, now that the recent forms 
of India have been studied, turn out to be identical with living 
forms, or to be closely allied. The genera of Vertebrata are— 
Quadrumana, Macacus, Semmnepithecns ; Camivora, Felis, Mach- 


Cereus, Doreatherium, Comelopandal 

Papacy eer cep Origen aii Bere I 
miue; Rodent! emer | fyetrie Reptilia, 

Crocadilur, Gharialis, Emys, Cotossechelys. = : 

Some of the Bivlik fauna lived ch and lastod during the 
Pleistocene ago, and their remains have been found in the river 
gravela of the Nerbudda and Godéveri, sccompanied by imple- 
ments of man’s making. 

Pitecone in the United States.—Detween the 
Mountains, formed of older rocks, and the Atlantic, there 
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venes « low region occupied principally by beds of marl, clay, 
snd said, consisting of the cretaceous and tertiary formations, 
‘and chiefly of the Intter, It consists, in the South, asin Georgin, 
Alabama, and South Osrolina, almost exclusively of Eocene 
deposits ; Lut in North Caroline, Maryland, Virginia, and Dela- 
ware more modern strata predominate, of the age of the English 
be de faluns of Touraine.” 

Tn the sands we find in great abundance a species 
of Astarte (A. wrdulote, Conrad), which resembles closely one 


¥ig. 138, 
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Calyptra costata, Vows mercenaria, Lam., Modiola glandiela, 
‘Totten, and Peeten magellanicw, Lam., are recent species, yet 
of forms now confined tothe Western side of the Atlantico—a 
fot implying that some traces of the Jogtantng of the present 
woographical distribution of mollusca date back to a period 
as remote as that of the Miocene strata. 

In the Carolina States there are from 40 to 60 per cent. of 
‘till living species amongst the testacea, Mr. Lonsdale examined 
the corals and found ono agrocing gonorically with a littoral 
American form (fig. 160), 

‘Among the remains of fish in these strata are several Targe 
teoth of the shark family, not distinguishable specifically fro 
fossils of tho faluns of Touraine. 

Marsh states that exst of the Rocky Mountains and om the 
Pacitic coast, the Pliocene deposits rest unconformably on the 
Miocene, and that there is 4 well-marked faunal change, medern 

types of vertebrata making their appearance. He considers that 
the division between Miocene and Pliocene in Europe fe at a 
higher geological horizon than in America. A true species of 
Equus, not found in the Miocene, characterises the Pliocene of 
America, No Marsupials are found in the Pliocene deposits ; 

but large Edentata occur in the Lower Pliocone, the genera being 
Morotherivm, and possibly Moropus, The migration of Eden- 
tata was probably from north to south, and the post-Plioosne 
Edentata of North America ore of the same genera as those of 
South America—Megutherinm, Mylodon, Megulonyx (p. 124), 
‘Amemgst the Equine group, Profohippus with three toes té each 
foot was ox large as an ass; and Plichippus ix without the extra 
toe, and ia a true horse. EByuus is present, but became extinet, 
for no horses wore found by the first colonists of America from 
Europe, Diceratherivm and other large Rhinoceridis ooeur, and 
all became extinet before the post-Pliccane, Tho penare one 
is found in the post-Tertiary deposits, and probably 

during the Pliocene. 


isted, 

Re ean tsk tos boca satioed at Tie Sia 
of the period. Deer and bison occur, but no sheep or goats. 

Mastodon appeara in the Lower Pliocene and lived on tate 
the Pleistocene, and Elephas came in with the Newer Pliocene. 
‘The Carnivora genora Canis, Machairedis, Leptaretes, and Urs 
occurred, No remains of primates hare been found, however, 

In the Uppor Mimourt region thore aro frushwater boda—the 
Loup. Hive qovep of Mobk snd Baploc or NistarslE Mana 
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in Brittany. The scattered patches of falans are of slight 
thickness, rarely exceeding fifty feet ; and between the district 
called La Sologne and the sea they repose on a great variety of 
older rocks ; being seen to reat successively upon gneias, clay 
per various socondary formations, including the chalk; and 

lastly, apon tho upper fresh-water limestone of the Parisian 
tortinry series, stint before mentioned (p. 111), stretches 
continuously from the busin of the Scine to that of the Loire, 
and which is of Oligocene age, 

At some points, aa at Louans, south of Tours, the shells are 
stained of a ferruginous colour, not unlike those of the Red Crag 
of Suffolk, The species are, for the most part, marine, but a 
few of them holong to land and fiuvistile gonems. Among the 

Hatur. land forms Heli turomensis (Bg. 
98, p. 32) is the most abundant. 
Remains of terrestrial quadrupeds 
sre here and there intermixed, 
belonging to the genera Dine- 
therurm (fig. 141), Loe 
Rhinoceros, Hippopotamus, Chee- 
ropolamus, Dichobuwe, Door, ard 
others, and those are accompanied 
hy Cetacea of extinct species. 

‘The fossil testacea of the: nas 
of the Loire iny 
tho late Edward Forbes, ‘arin 
‘beds were formed partly on the 
shoro itself at the level of low 
water, and at mode- 
rate depths, not oxceoding ten fathoma tow hae Jerel. The 
fauna indicates that the climate was warmer than that of Europe 
at the present time. Thus it contains seven species of Oypras, 
some larger than any existing cowry of the Mediterranean, 
several species of Ofioa, Anicillaria, Mitra, Terebra, Pyrsla, 
Fasiolaria, and Conus, Of the cones there are no leas than 
eight species, some very large, whoreas the only Europea cone 
‘now living is of diminutive size. The genus Nevita, and many 
others, ary also represented by individuals of a type now 

of equatorial yoas, and wholly unlike any Mediter- 
forms. These proofs of 2 more elevated 
to imply the higher antiquity of the faluns ax 
with the Suffolk Crag, and are in perfect accordance ‘the 
fact of the smaller proportion of teatacea of recent spevies fours 
in the faluns, 
Out of 290 apecies of shells, collected by mysolf in 1840 at 


ineticriow piprnbun, Kaup, 








182 FOSSIL APES, Com xiv. 


fossil mammalia common to the faluns of the Loire and the 
Miocene beds of Switzerland, such aa Dinotherium gigantewm 
and Mastodon anguativens. Dore lately M. Gaucry has enume> 
rated 16 species of vertebrate from strata of this age at Mot 
Léberon in Vaucluse, among which are Machajvodes euttridens, 
Rhinoceros Schleiermacheri, Dinotherivm giganterm, and the 
gigantic ruminant Helladotherivm Dweernoyi, rivaling the 
Giraife in stature. This herbivore had a wide range over 
Europe and Asia, its remains having been found in Greece and 
Thdia, But the most remarkable of all the remains found in 
the Miocene strata of the South of France were the bones of 
quadrumana, or of the ape and monkey tribe, which were dis- 
corored by M. Lartet in 1837, the first of that order of 
quadrupeds detected in Europe. They occurred at Sansan, near 
Auch, in the Department of Gers, in latitude 43° 39° N., about 
forty miles west of Toulouse. They were referred by MM. 
Lortet and Blainville to # genus cloacly allied to the Gibbons, 
to which they gave the name of Pliopithecus. When 1 viaited 
Sansan in the spring of 1872 I came to the conclusion that the 
explanation of so many mammalia and other vertebrate being 
preserved at Sansan alone, in so very limited an ae wes 
probably tho partial recurrence of a very thick impervious marly 
deposit or layer in which the quadrupeds may have been bogged, 
and which prevented free percolation of water, whereas in 
guneral impervious beds must have been wanting, so that all 
organie remains of the date of the faluns were destroyed ‘where 
thay happened to be imbedded. 

In 1856, M. Lartet described another specios of the same 
family of long-armed apes (Hylobates), which he obtained from 
strata of the same age at Saint Gaudens in the Haute-Garonme: 
‘The fossil remains of this animal consisted of a portion of a 
lower jaw with teeth and the shaft of a humerus, It ix sup- 
posed to have beon a tree-climbing frugivorous ape, equalling 
Man in stature, As the trunks of onks aro common in the 
lignite beda in which it lay, it has rvceived tho generic namo ef 
Dryopitheews. The angle formed by the ascending ramus of the 
jaw and the alveolar border is leas open, and therefore mors like 
the human subject, than the Chimpanzee ; and, what ix still 
more remarkable, the fossil, a young but adult individual, had 
all its milk teeth replaced by the second sot, while its last true 
‘molar (ar wisdom tooth) was still undeveloped, or only existed 
as & germ in the jaw-bone. Inthe mode, therefore, of the sue- 
cession of its teeth it differed from the Gorilla and Chimpanzee, 
and corresponded with the human species. 

‘Miocene beds of Eningen in Switzerland.—In Switzer 
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Bournemouth, and Reading is Eocene ; the leaf-beds of Aix-la- 
peceliaiss Upper Cretaceous, and the age of the Wester 

American floras is undoubted. Hence thare are typos with which 
te compare distinct floras, dnd allowance being made for elimate 
and latitude in the comparison, The plants have existed longer 
on the earth without great change than the animals, and whilst the 
palecontalogicnl break between she Secondary and the Tertiary 
formations ix vast from the animal point of view, it is not very 
apparent botanically. It is evident that no great conclusions 
can be derived from the study of leaves alone, for the fruit and 
flower are absolutely necessary to identify species correctly. 
Novertheless, x rough comparison may be institated by tho 
study of leaves, 

The Mioceno formations of Switzerland have been called 
‘Molasee, 1 term derived from the French mol, and applied to ® 
soft, incoherent, greenish sandstone, occupying the country be- 
tween the Alps and tho Jurn. ‘This Miocene molasse comprises 
throe divisions, of which the middle one is marine, and, being 
closely related by its shells to the faluns of Tournine, may be 
classed as Upper Miocone, The two others are freshwater, the 
upper of which may bo also grouped with the faluna, while the 
lower must be referred to the Oligocene, as defined in the next 
chapter. 

Upper Miocene freshwater Molasse.—This formation is 
Dost scon at CEningen, in the valley of the Rhine, heres 
atance and Schaffhausen, a locality celebrated for having 
duced in the year 1700 the supposed human skeleton valled. bp by 
Scheuchrer * homo dilavii testis,’a fossil afterwards demonstrated 
by Cuvier to be a reptile, or aquatic salamander, of larger di- 
mensions than even its great living representative the allamander 
of Jopan. 

‘The (Eningen strata consist of a series of sandstones, marls, 
and limestones, many of them thinly laminated, and which 
appear to have alowly accuiaulated in a lake probably fed by 
springs holding carbonate of lime in solution. The organic 
remains have been chietly derived from two quarries, the lower 
of which is about 650 feet above the lovel of the Lake of Con- 
stance, while the upper quarry is 160 feet higher. Tn tile East, 
Aacetion thirty foot deop, displays a great succession of beds, 
most of them splitting into slabs, and somo into very thin 
Inning Twenty-one beds are enumerated by Professor Heer, 
cape bocce aie feet thick, with organic 
remains, resting on a limestone with fossil plants, including 
lenven of cinnamon, and pond-weed (2 
gothor sites Geaa) while in the Tad No & Colo tiaw 
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giving origin locally to a kind of travertin, in which 
bodies sinking to the bottom became hermetically aealed up, 

Tn his work entitled “The Naturalist on the Amazons," Mr, 
Bates mentions having observed on the Tapajos river in Brnzil 
the dead or half-dead bodies of ants enwae up in a line an inch 
or two in height and breadth for miles beach.? I am 
also informed by the same naturalist that on eel, sandy shores 
of Lake Ega, on the Upper Amazons, he anw on several ocea- 
sions sloping ridges of dead insects of all orders piled up on the 
margin of the lake. This sudden destruction of whole shoals of 
insects is causod, he says, by a sulden chill and squall oocur- 
ring in the night over a wide oxpanse of water after # hot 
evening, The insects are tempted to fly hy the sultry weather, 
the chill and storm overtake them, and they aro cast into the 
water, the waves of which wash their bodies on to the lee-shors. 
Sand is also often thrown up at the same time, and some of the 
insects are thus buried a little above the water-line. 

The laming of the CEningen bods which immediately succeed 
each other were not all formed, according to Prof. Heer, at the 
mune seuson, for it can bo shown that when some of them 

|, certain plants were in flower, wheroas, when the 


originated. 
next of these layers was produced, the same plants had ripened: 


Chmrmeman petpmarpiers, AA Rrowg. Upper aud Lower Mace, 
€ Mpstra of Cincneoat potpeseyinn tra Geningeo, Ser 
acest plas tabmmectoeeieed eitoae eer, Puig eit 
thuir fruit. ‘This inference is confirmed by independent prods 
derived from insects. The principal insect-bod is raroly to 
inches thick, and is composed, sys Heer, of about 250 leaf-like 
Iumina:, some of which were deposited in the speing, when the 


© Naturalist on the Ammons, 1868, vol. ii. p 8h 
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seins tinea et ed 143) was in flower; others in 
summer, when winged ants were namerous, and when the 
UE eMlane Mad seakred thels eead's others, again, in 
the same ‘Clnnamomnm polymorphic (fig. me 


ie ‘The ancient lake sooms to have had a belt 
and willows round its borders, countless leaves of 
which were imbedded in mud, and together with them at some 
points a species of reed, Arwndo, which was very common, 
of the most characteristic shrubs ts » leguminous and 
papilliomaceous plant of an extinct genus, called by Heer Podo- 
gmium, of which two species are known, Entire twign have 
been found with flowers, and always without leaves, as the howers 
oridently came out, st in the poplar and willow tribe, before 
any leaves made their appearance. Other specimens have been 
obtained with ripe fraits accompanied by leaves, which resemble 
thore of the tamarind, to which it waa evidently allied, being of 


the number of genera of which not merely the 
leaves but, as in the case af the Podogonium just mentioned, 
the fruit also and even the flower are known, Thus there are 


| 
| Arve irstotarwns, nozvonl form. Heer, Flees Tort, Hely., M1. 114, Oe. 3. Siew 4 br. 
ot the orixinal qectnen 
| Mpnisitriseen tevcomedeeeenctse 
pineteen species of maple, ten of which have already been 


fveasd with fruit. Although in no one region of the globe de so 
many maples now flourish, wo need not suspect Prof. Heer 
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of having made too many species in this genus when we consider 
the manner in which he has dealt with ono of thom, leer trilo~ 
date (figs. M44, 145). Of this plant the number of marked 
variotiea figured and named ix very gruat, and no lessthan three 
of them had been considered as distinct species by other 


‘% Adwormal varity of leaf. Heer, P10, 
b. Plower and bracts, norms) form Mer ith fig. 
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botanists, while six of the others might have laid claim, with 

nearly equal propriety, to a like distinction. The common 

form, callod Acer trilohatum, fig. 144, may be taken as» normal 
reprosontative of the Ciningen 
fossil, and fig. 145 as one of the 
most’ divergent varietios, haying 
almost four lobes in the leaf im 
stroad of throo, 

Among the conspicoous genera 
which abounded in the Miocene 
period in Europe is tho plane-treo, 
Platanus, the fossil species being 
considered by Hor to come nearer 
tothe American P., occidentalis than 


Pap oe hog 
diam. Upper Miocene, 
Ainlogen. 
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‘The vine of (ningon, Vitis testonica, Ad. Brong., is of a 
North American type Both the leaves and acods have been 
found at Cningen, and bunches of compressed grapes of the 
maine species have been met with in the brown coal of Wettor- 


Simitice mgiifern. Heer, Pi. 30, fg. f. Slee, 4 diameter. 

Leal, &. Phewer mapulfinl, one of tho atx petals wanting at d. Upper Miocene, 
Ciainges. © Amilex ohtasifolie, Neer, Pi. 00, fg. 9) nat wien Upper Mie 
ero, Eningwa. 

via in Germany. No less than eight species of Smilex, a 
monocotyledonous genus, occur at (Eningen and in other 
‘Miocene osathise, the flowers of some of them, ax well os the 
leaves, ‘being preserved, aa in the caso of the very common fossil, 
Sinilax angittifern (tig. 147, 0). 

‘Leaves of planta supposed to belong to the order Protescee 
‘been obtained partly from CEningen ani partly from the 


Pig. HR, 
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of the same age at Locle in the Juri, 
hoon referred to the genom Banksia, Grevillen, 
and Perwonia. Of Hakoo thore is the impression of a 
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supposed seod-veasel, with its characteristic thick stalk and seeds ; 
but as the fruit is without structure, and hay not yet been found 
attached to the same stem as the leaf, the proof is incomplete. 
To whatever family the foliage hitherto rogarded as protea- 

ceous, by many able palwontologists, may eventually perio shown 
to belong, we must be careful not to question its affinity to that 
order of plants on those geographical considerations whieh have 
influenced some botanists, The nearest living Proteacese now 
flourish in Abyssinia in lat. 20°.N., but the grentest number 
are confined to the Capeand Australis. The ancestors, however, 
of the (Eningen fossils ought not to be looked for in such distant 
regions, bub from that European Innd which in Oligocene times 
bore trees with similar folingo ; and these had doubtless an 
Kocene source, for cones admitted by all botanists to be pro- 
teaceous have been met with in one division of that older 
Tertiary group, the London clay, The source of these last, 
again, munt not bo sought in the Antipodes, for in the white 
sands and Inminated clays of oretaceous age at Aixda-Chupelle, 
leaves like those of Grevillea and other proteacoous genera hare 
been found in abundance, anc, os we shall see, usually in a most 


perfect state of preservation, ' All geclogista agroo that the dis- 
tribution of the cretaceous land and sea had scarcely any con- 


nection with the present geography of the globe. 
Tn the Proteactas, 


the same beds with there occurs at Locle 
4 fan-palm of the American type Sabal (for genus see fig. 1D4), 
Yas ‘a genus which rangos throughout the low 
country near the sea from the Carolinas to 
Florida and Louisiana. Among the Coni- 
fere of Upper Miocene age is found a 
deciduous cypreas nearly allied to the Taz 
dium distichum of North America, and « 
Gluptostrobus (fig. 149), very like the 
Japanese G. heerophyliva, now common 
in our shrubberies. 

Before the appearance of Heer’a work 
Ginserrote Evewres on the Miocene Flora of Switzerland, Un- 
en en te Se ger ial Gtppert bal nlready pointed out 
thecene, Bningon. Tie pices of living bes, 

American genera, oe dlisti the vegetation of 
Miocene period in Central Europe. Next in number, Sra 
to these American forms at Eningen the European genera pre- 
ponderate, the Asiatic ranking im the third, the African im the 
fourth, and the Australinn in the fifth degree. ‘Tho American 
forms are more numerous than in the Italian Plioceme flora, 
and the whole vegetation indicates a warmer climate than the 
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lower molasse, while proportion of about 45 in 100 are common 
to the overlying (Eningen flora ; 26 of the 92 species are peculiar. 

‘A Dryopitiecwa ins beun found in the beds; and in the marine 
part. Pectunewlus glycimeris denotes a high Miceane horizon. 

Miocene beds of the Vienna bastn.—In South Germany 
the general resemblance of the shells of the Vienna tertiary 
basin to those of the faluns of Toursine has Tong beon acknow- 
ledged, In tho late Dy. Hienes’ excellent work om the fossil 
mollusea of that formation, we see accurate figures of many 
shells, clearly of the same spocies as those found in the falunian 
sands of Tournine. 

Acconting to Professor Suem, the movt ancient and purely 
marine of the Miocene strata in this basin, consiat of «ands, 
conglomerates, limestones, and clays, and they are inclined 
inwards, or from the borders of the trough towards the centre, 
their outcropping edges rising much higher than the newer 
bods, whether Miocene or Pliocone, which overlie them, and 
which occupy 4 smaller aren at an inferior olovation above the 
sea. Dr, Hérnes has described no lees than 500 species of 
gastropods, of which he identifies one-fifth with living species 
of the Mediterrancan, Indian, or African nens, but the propor 
tion of existing species among the lamellibranchiate bivalves 
exceeds this average. In the lowest marine bods of the Viena Vienna 
basin the remains of several. mammalia have been found, and 
among thi species of Dinotheriom, a Mastodon of the Tile 
phodon division, a Rhinoceros (allied to R. megorhinus, Chris 
tol), also an animal of the hog tribe, Listriolon, Von bee dond 

Fie 1h. and a carnivorous animal of Sse 
family. The Helix turonensis (fig. 
the moat common land whell of fe 
faluns, accompanies the above land animals, 
M. Alcide i'Orbigny has shown that 
of the foraminifera of the Vienns basin the 


ry peri 
The flora of the Vienna basin exhibits some, poctea which hare 
a general runge through the whole Miozene period, 


Switzerland arw J 
tanus acerviides (fig. 146, p.188), Myrica vindobonensis,and others. 
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in dimensions, Hyopotawvs waa a crescont-toothed, even-toed 
creature, Poebrotherivm, allied to the Camel, Leptomeryic to 
the Deer, occur; but the hollow-horned ruminants had mot yet 
appeared, nor had the Proborcidians, Insictivora lived in those 
days, however. Hyanadon was a carnivore, 

The Middle Miocene, on both sides of the Rocky Mountains, 
is charnoterised by ruminating pigs of the genera Oreaton and 
Eporesdon, which were larger than the Peccary. ‘The Leporiilr, 
or Hare family, lived in considerable numbers; and other 
Rodentia of the Squirrel, Mouse, and Beaver families, were re- 
presented by genera now extinct. Macheivodes occurs ¢ and 
Laopitheous, one of the Monkey tribe, and of South American 
affinity, ‘The Upper Miocene, which ocoure in Oregon, is of 
great thickness, and the characteristic genus is Afiohippus, 
already noticed. Hyracodon, Dicerotherium, and Acevethertin 
wore Rhinocervtidea of the period, und Chalicotherivm was = 
genus which ix also found fousil in Europe and in the Hima- 
layan area. Bosides these forms, there were Moropies, » lange 
Edentate, Tinohyus, anally of the Peccary, and Allomyes, related 
to the flying Squirrels, 

Marine Miocene beds with Corals and abundant Echini cecur 
in Corsica, Egypt, Asia Minor, and in Sind. In Sind are im- 
portant marine strata, crowded with Corals and Echini, and 
which are distinct in their faunal facies from the onderlying 
Oligocene strata, The Gaj or Miocene of Sind and Kach i» 
cavered by freshwater deposits of Pliocene or Siwilile age. 

The West Indian Islands contain a deep Marine Miocene ; 
in Jamaica it is overlaid by an important white limestone of 
Plioceneage. The Australian Tertiary deposits come within the 
Miocune and Pliocone epochs. 





Oligocene strata.—Profossor Beyrich has made known to 
tm tho existence of « long succession of marine strata in North 
4s whieh lead, by an almost gradual transition, from beds 


belong to the upper parts of this series, the most 
of them are of Lower Miocene date, as, for example, 


important 

Leo the Siebengobirge, near Bonn, which are associated 
with volcanic rocks. Professor Boyrich confines the torm 

“Miocene! to thoes strata which agree in age with the faluns 

of Toursine, and be has proposed the term ‘ Oligocone’ for those 

older formations called Lowor Miocene in former editions of this 


tween the origin of the freshwater limestone and its submer- 
beneath the waters of the Miocene sea, The limestone 

stion forms & part of the formation called the Calcaire de 

a largo tableland between tho 


é Seine. 
and other deposita, such as may have been formed in marshex 
gol shallow lakes in the newest part of a great delta, Beds of 
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are used extensively for millstones. The flat summits or plat- 
forms of the hills round Paris, and lange areas in the foreste of 
Fontainebleau, os well as the Plateau do la Beauce, already 
alluded to, arw chiefly composed of these freshwater strata. 
Next to these, in the descending order, are marine sands and 
sandstone, commonly called {he Grba de Fontainebleau, from 
which have been obtained a considerable number of shells and 
vome marine fossils of the samo kinds ns those of the faluna— 
Cytheres incrassata and Lucina Heberli, for instance, 

Next in succession, forming the Middle Oligocene, are the 
Sables d’Etampes with ferruginous sands at Paris, resting on 
marls with Ostrea cyathula and Corbula sub-piewm. Those cover 
the Caleaire de Brie which overlies clay and green marl with 
Cerithium plicatum and Cyrene convexa, 

‘The Lower Oligocene forms part of the Gypsoous series of 
Montmartre, and is restricted to the Lacustrine group. 

Lacustrine ¢ypscous series of Montmartre.—Theso 
atrata, commencing with white marls and blue marls at the 
top, and having the important gypsum beds below, are moat 
largely doveloped in the central parts of the Paris Basin, and, 
among other places, in the hill of Montmartre, the fossila of 
which were first studied by Cuvior, 

‘The gypsum quarried there for the manufacture of plaster of 
Paris, occurs as a granular crystalline rock, and, together with 
the associated marls, contains land and fluviatile shells, and the 
bones and skeletons of birds and quadrupeds. Several land- 
planta are also met with, among which are fine specimens of the 
fan-falm of palmetto tribe (Mabellaria). Tho romains alao of 
freshwater fish, and of crocodiles and other reptiles, occur in 
the gypmum, The skeletons of mammalia aro usually isolated, 
often entire, the most delicate extremities being preserved ; as 
if the carcases, clothed with their fleah and skin, had been 
floated down soon after death, and while they were stil] «wollen 
by tho gason generated by their first decomposition. The fow 
accompanying shells are of those light kinds which frequently 
float on the surface of rivers, together with wood. 

SE tik aoa inane hee 
pam [eae the gonorn Paleeutherivm, Anoplothorivm, aud 


order Ungulata, which now contains only four living 
namely, rhinooeros, tapir, horse, and hyrux. 


three dividons of this family ts that of the Xj 
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‘Their forms were slender and elegant, and one, named Aiphodow 
gracile (fig. 152), was about tho size of the Chamois ; and Quvier 
inferred from the akeloton that it was ns light, graceful, and 


Wig. 189. 


Xitedos grocitv, Ouvier. Mestored outline. 
agile an the Chevrotain. With these Ungulata were associnted 


deyerece 
Cyneton i the Rodentia were found a squirrel ; 
‘ef the Cheiroptero, bat; while the family Didelphide of the 
Macrae, wre cxatnel to America, are represented by a 
true Opossum (Didelphys) 

oe, about 17 Foliahare been discovered, five of which 
fare still undetermined. Tho skeletons of some are entiry, but 


gypem ly 
fis of marl, which, before it was dried and condensed by 
mist havo represented a much thicker layer of eolt 
Detweon the beds of solid gypaum. On this 
‘animals Bad trodden, and made impressions which had 


Few tom. iii.p.255. d’Animanx, par M. J. 5 Demagen. 


a8" pus Compto rena do Minsti 
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penetrated to the gypseons mam below, then evidently uncon- 
solidated, Tracks of the Anoplotherinm, with its bisuleate hoof, 
and the trilobed footprints of Pclwotherium, were seen of 
different sizes, corresponding to those of several species of those 
genera which Cavior hnd roconstracted, while in the eame beds 
wore footmarks of carnivorous mammalia. The tracks also of 
fluvintile, lacustrine, and terrestial tortoises (Bmys, Triowyz, 
&c.) were discovered ; also thoue of crocodiles, iguanas, 

and great batrachiana; and the footprints of a huge bird, ap- 
parently a wader like a Rail, called @Gypsornis, There were 
likewise impressions of the feet of other creatures, somo of 
them clearly distinguishable from any of the extinct types of 
mammalia, of which the bones have been found in the Paris 
gypsum. Tho whole assemblage, says Dosnoyors, indicates the 
shores of « lake, or several small lakes communicating with each 
other, on the borders of which many species of Ungulates 
wandered, and beasts of prey which occasionally devoured them. 
‘The toothmarks of these last had boon detectod on the bones and 
akulls of Paleotheria entombed in the gypsum by palwontologists 
long before. 

‘The following is a list of the more important genera of the 
mammalia of the Oligovenc of France :—Upper Oligocene 
Dapir, Palaocherus, Plesioaorer, Mysnrachne, Lutvictis, Tetra- 
cus, Hyopotamus, Anthrucotherium, Shrew, Mole, Muak-rat. 
Middle Oligocene: Hyarachius, Entelodon, Ant 
Dacrytherium, Chalicotherium, ‘Tragwohyws, Dremotheriam, 
Chris, Plesictis, Pleviogale, Mlurogale, Rhinoloplus, Neero 
loner, and Civet and Marten, Tho Lower Oligocene contains 
Cheropotamus, Tapirulus, Anoplotherium, Coinotherivom, Cobo» 
chris, Xiphoton, Amphymeryx, Plesiorctomys, Hyencdon, 
Adapis, Didelphys. 

The genera Ancplotherium and Palwotherivm cease with the 
Middle Oli ie. Aiteri sol Moldy ae ee 
represent the Quadrumania ; trae Apes and Monkeys ‘not 
appeared. 

‘ Oligocene of Central France.—Lacustrine strata, 
ing, for the most part, to the same age as the Calcaire de 
Beauce, are again met with further south, in Auvergne, Cantal, 
and Volay. They appear to be the monuments of ancient lakes, 
is like nome of those now existing in Switzerland, once 
occupied the depressions in a mountainous region, and have 
been each fed by one or more rivers and torrents. 

‘The study of these rogions possesses a poculiar interest, for 
we are presented in Auvergne with the evidence of a series uf 
events of astonishing magnitude and grandeur, by which the 
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boon accompliahed by currents in the different lakes, or by 
rivers and floods scoumpauying repeated earthquakes, or sub- 
torranean movements, during which the levels of the dintrict 
have in some places been materially modified, and | er ch 
whole upraised relatively to the surrounding parts of France, 

Auvergne.—The most northern of the freshwater groups is 
situatod in the valley plain of the Allior, which lies within the 
department of the Puy-de-Déme, being the tract which went 
formerly by the name of the Limagne d'Auvergne. ‘The prin- 
cipal divisions into which the Incustrine series may be separated 
are the following lat, Sandstone, grit, and conglomerate, in 
eluding red marl and red sandstone ; 2ndly, Green and white 
foliated marls ; Srdly, Limestone, or travertin, often oolitie in 
structure ; dthly, Gypsoous maris. They rest on granite. 

It seems that, when the ancient lake of the Limagne fire 
began to be filled with sediment, no volcanic action had yot 
produced lava and scorise on any part of the surface of Auvergne. 
No pebbles, therefore, of Inva were transported into the lake— 
no fragments of volcanic rocks embedded in the 
Bot at @ later period, when o considerable thickness of sand- 
stone and marl had accumulated, eruptions broke oat, and lava 
and tuff were deposited, at some spots, alternately with the 
Iscustrino strata, It is not improbable that both cold and hot 
springs, holding different mineral ingredicnts in bed 
Docame more numerous during the successive com 
Sete this development of voleanic ageneys i gee thas ‘oats 

of carbonate and sulphate of lime, silica, 
were produced. Hence these minerals Peseta in the 
Upportaost strata. Tho subterranean movementa may then have 
continued until they altered the relative levels of the 
and caused the waters of the lakes to be drained off, and the 
farther accumulation of regular freshwater strata to cenme, 

Oligocene mammalia of the Eimagne.—It in 
possible to determine the age of the oldest part of the fresh- 
water series of the Limagne, large masses both of the sandy 
‘and marly strata being devoid of fossils. Some of the lowest 
beds may be of Upper Boceue date, although, acconling to M. 
Pomel, only one bone of a Palsotherinm has been discovered in 
Auvergne. But in Vdlay, in strata containing some species of 
fossi] mammalian common to the Limagne, no less than four 
Apecies of Palwotheriven have been found by M. Aymard, and one 


magnum, 
the other three being peculiar to the Limagne. 
Sere kie GAIA ia: calvar eoetratalla of the Limagne belong 








202 THE FAUNA. [ow xv. 


overlie the Boom clay (Argile de Boom), and are not quite at 
tho top of the Oligocene, but at the top of the middle division 
of it, ‘The Middle Oligocene, or Rupelian, includes the Marine 
sorios of the Bolderberg and Argile de Boom, so called from the 
villages of Boom and Rupelmonde, south of Antwerp, which 
cover a fluvio-matine group with Cerithivm and Pectuncutes and 
the Argile de Henis, ‘The lower division, or Tongrian, includes 
the sands in the noighbourhood of Tongres, and ia the atin 
tion of the Lower Oligocene, or Egeln series of Germany, and 
corresponds with the upper part of the Gypsoous serios of Mont- 
martre, and with the Headon series of England. 

Having this base, it is not difficult to comprehend the exten- 
sion of the overlying Middle Oligocene. The Argile da Honiaia 
equivalent to the green clays with Oyrena of the Mayenos 
basin, with the deposits at Bombridge in the Isle of Wight, and 
with the upper Montmartre green marls which orerlie the Gyp- 
soous series, 

The deposits of Klein-Spauwen, a village to the weat of 
Maastricht, which are abore the Henis clay, are of the same age 
as the Gres de Fontainebleau and as the Hempstead series, 

‘The Upper, or Marine division of the Middle Oligocene of 
Belgium, with the Argile de Boom and the Bolderbeng sands, is 
the equivalent of the Septarien-T'hon of Germany and the 
Upper Lacustrine series of the Calcaire de la Beauce of France. 

Holitherivo is found in the Middle Oligocene, and the teeth 
af Carcharolon, Myliobates, Lamm, and other sharks are com= 
mon to it and the Lower Oligocene, or Tongrinn. Many small 
crustnces are found in the Middle series, and a fossil lobster, 
Homarvs. The Nautilus sicsac (Atruria) is in the upper deposit, 
and ninny Gasteropoda aro found. Plewretoma Seyi, De Kon 


Peg, 193, 


=P. Wethereli, Edw., P. regularies P. Belgica, Gold., amd P. 
prudini uneaiataalriod the whole series. pect 

Cossidaria nodose, Muree Desayesi, Cancellario evelen, and 
Corbula sub-pisum, D’Orb, do tho samo. Tervbratula grandis 
nnd Terebratulina Nyvti are Tongrian, but Ostren giguates and 
Peeten Horninghausi are of the Middle Oligocene, Tho Cyrena 
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higher members of the series before alluded to, and yet dis- 
playing so much affinity to the flora of Gmningon as to make it 
natural for the botanist to refer the whole to one and the same 
Miocene period. Thore are, indeed, no less than 81 species of 
these older plants which pass up into the flora of CEningen. 

The proofa of a warmer climate and the excess of arborescent 
over herbacvous plants and of evergreen trees over deciduous 
‘species, are characters common to the whole flora, but which are 
intensified ax we descend to the inforicr depoxita. 

Nearly all the plants at Monod are contained in three layers 
of marl separated by two of soft sandstone. One bed is filled 
with large leaves ofa species of fig (Ficws populina), and of a 
hornbeam (Curpinus grandis), the strength of the wind having 
probably been great whon they were blown into the lake 
whereas another contiguous layer containg almost exclusis 
smaller leaves, indicating, apparently, « diminished Se 
the wind. Some of the upper beds at Monod abound in 
ad Proteacom, Oyperaces, and farns, whilo in some of the lower 


op. Yersy, 


gt ber ne FLA now. The Alps werea low range, 
and tho Palma now found foasil in strata clovated 2,000 feet 
above the sea, grew nearly at the soa-level, as is demonstrated 


tralia, 
Tt isa known fact thet among the living Protencys tho cones 
are very firmly attached to the branches, so that the seoda drop 
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out, without the cone itself falling to the ground ; and this may 
perhaps be the reason why, in some instances in which fossil 
seeds bare been found, no traces of the cone have been obserred. 


.— 


the Conifers the Sequoin (fig, 156) is common at 
Rivas, and ls one of the moat universal plants in the Oligocene 
of Switzertand. 


ann 
Wye! 


Nd 
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the Swiss Molase, In some specimens, as shown in fig. 157, the 
fructification is distinctly soon, 

Among the laurels several species of Cionamomum are very 
conspicnoun, Besides C. polymorphum, before Sgured, Bg. 143, 
another species also rungea from the Lower to the Uppar 
Molasse of Switzerland, and is very characteristic of different 
deposits of Brown Coul in Germany. It has been called Cinna- 
momum Rossmdssleri by Heer. (Soe fg, 156.) The leaves are 
cauily recognised from having two side veina which run up ttt 
intorruptedly to their point. 

American character of the fora,—If wo comsidor not 
merely the number of species bub those plants whieh constitute 
the mas of the Oligooone vogetation, we find the Exropens part 
of the foxsil flora very munch lees prominent than in the Eningen 
beds, while the foreground is occupied by American forms, by 
evergreen oaks, maples, poplars, planes, Liquidambar, Kobiava, 
Sequoia, Taxodivm, and ternate-loaved pinos. Thro is leo a 
much greater fusion of the characters now belonging to distinct 
botanical provinces, than in the Miocene flora, and we shall find 
this fusion still more strikingly exemplified as we go back to 
the antecedent Eocene and Oretacoous porioda, 

Profeasor Heer has advocated the doctrine, first advanced hy 
Unger to explain the large number of American gener im this 
flora in Europe, that the present basin of the Atlantic was oecu- 
pied by Innd over which the Miocene tlora could pass freely, 
But othar able botanists have shown that it is far more probable 
that the American plants caran'frern th enat ail Se eerie 
rea ‘and, instead of reaching Europe by the shortest route over 

an imaginary AUiantis, migrated in an opposite direction, cross 
ing the whole of Asia. 

Oligocene of xtaty—In the hilla of which the Superga 
forms a part (see p. 193) thero is a great series of 
atratn which pass downwards into the Oligocane, Byen in 


yeas sears sso Obici plints of Switeerland | 
are acea fibres abated Gonaaene and contains but 
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no unconformity between these strata and the underlying tre 
Eocene deposits, They have been termed the Fluvio-Marine 
series by Forbes. 

An important marine deposit, found in sinking wells and 
making railway oyttings in the district of the Now Forest, in 
Hampshire, at Brockenhurst and other places, isseen im the Isle 
of Wight, in the Headon beds, and the fossils contained havo 
enabled palwontologists to correlate it with continental strata. 
‘The following ix the succession in the Isle of Wight. 

Hempstead Beds.—(f these the uppermost or Cortrula beda 
consist of marine sands and clays, and contain Voluta Hathieri, 


Wig. 159. Pig. 10, 


as © 


barry "iiaepreced Ds. 
s¥ charnoteristio Oligocene shell; Corba piewm (Bg. 150), a 
species common to the Upper Eocene clay of Barton; Oyrewa 
Pets rinse, semisteiata (Gg. 100), several Geri 
this, and other shells peculiar to 
this seri 


Bernes. 

Next below are freshwater and 
estuary marls and carbonaceous 
clays, in the brackish water partion 

Fig 163, Pig. 1 


Bo 


Crovun poste, Pilea Kata, 
Tame tot tat Oren se ea “apace "opie emupetnad Beat 


of whieh are found abundantly Sih nee eee 
G1), C. elegans (fig. 162), and C. tricinetum ; also Rissoa Chaxtelit 
(Gg. 163), n very common Klein-Spaawen shell, which occurs iy 
each of the four subdivisions of the Hempstead series down to 
its base, where it pases into the Bembridge beds. In the 
freshwater portion of the same beds Pofucina lenta. (Bg. 164) 
coours; a sholl identified by seme conchologists with a species 
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now living, P. xnivolor; also several species of Lineneu, 
Planarbis, and 


Trio. 

‘The next series, or middlo freshwater and estuary marla, are 
Dy the presence of Melania fasciata, Paludina 
with Cypris; the lowest bed contains Cyrena 

60), mingled with Cerithia and a Panopwa, 
and estuary marls contain Melania 
is, ec. Tho bottom bed is carbonaceous, 
“Black band,’ in which Rimoa Chastelit (fig. 163), 
This bod contains a mixture of 
with those of the underlying Bembridgo 
among which is Hyopotamus bovinus, 
known, from those of the Bembridge 
to tho hog tribe, or the xxme 
of which last, seven, species, 


other parts of Europe asnocinted with 

the Oligocene pesiod. ~ 

‘The seed-vessels of Chara medioaginula, Brong., and C. helic- 
teres are charncteristic of the Hempstead beds generally. 

serios,—Those bods aro about 120 fect thick, 

Tie immediately under the Hempstoad beda near Yarmouth, 

in the Talo of Wight. Thoy consist of magls, clays, and Hime- 

stones of freshwater, brackish, nnd marine origin. Some of the 

most abundant shells, as Cyrena semistriata var., and Paludina 

eee a8 Geasicn to this anit the overizing Hemp- 

stead acries ; oe naa the speciox are distinct. ‘Tho 


" PSS» yes 
ad eet riaew Ded ie of 


tre the subdivisions described by the late Professor 


ot tharls, — by the abundance of Melania 
‘Forbes (fig. 195) 
‘muarls, Meese by Cerithium mutabite, C 
by tho remuins of Trionyx (soo fig. 106). 
e 
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ce. Green maris, often abounding in « peculiar species of 
oyster, and accompanied by Cerithium, Mytilus, Area, Ne- 
eula, &e, 

d. Bombridge limestones, compact cream-coloured limestones 
alternating with shales and maris, in all of which land-aholls are 


We. 167. 


Dati Sow, Hell Bay a 
elption, ie scan, Bavaria nat. ting radars 
Isie ot Wight, 


common, especially at‘Sconce, near Yarmouth, as deacribed 


Mr. F, Edwards. ‘The Bulimus ellipticus (fg. 151) aod Tele 
ovelusa (fig. 168) are among ita best-known land-sholls, Palu- 


Lhowncrs fas forms, Bow. 
‘Hat, eve, 


dina orbicularis (fig. 169) is also of freq) 
of the bands is filled with a little globular Paludina, Amore 
the freshwater pulinonifera, Limnarz fusiformis, Sow. (fig. 170), 
and Planorbis discus (fg. 171) aro the moat, 
tho latter roproaonts or takes the placo of he Ploapeia sae 
phalus (seo fig. 174) of the more ancient Headon series, Chara 
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tuberoulata (fig. 172) is the charncteristic Bembri “gyto- 
gonitir” or sinedwemsel, ee 
From this formation on the shores of Whitecliff Bay, Dr. 

‘Mantel obtained « fine specimen of » fan palm, 

Trong.,a plant first obtained from beds of corre- 
sponding age in the suburbs of Paris. The 

building-stoneof Binstead, near Hig. 178, 
anh see with numerous hollows 


‘wat. alee, 

Tinstoml, ne of Wight. 

po aah commune (fig. 173), A. weundarium, Dichobune 

eervinum, and Cheeropotamus Curieri, The Paloothere, above 

alluded to, resembled the living tapir in the form of the head, 

ing @ short proboscis, but its molar tecth were more 

like those of the rhinoceros, Palieotherivm maynum was of the 
size of & horse, about four or five fout in height. — 


distinguished 

of Paldina, Medania, ant Melancpuis, wx 
seeds of Chora. 

yg en 


the froshwater deposits, just as the allied 


beds contain Potamomya plana, Cerithivm smuta~ 
cinetua (Big. 37, p. 31), and the marine beds 
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Headon series are Neritina concava (fig. 176), Limnwea caudate 
(fig. 177), and Cerithiuin concavum (fig. 178). Helix labyrinthicn, 
Say. (fig. 175), = land-shell now inhabiting the United States, 
was discovered in this series by Mr, Searles Wood in Hordwell 


Pig. 274, 
a) 


Pig, 15, 


aaa 


Pemertoumgtalns Sew. Jiltelaberatii, bor. Tastee 2 Hl, Tole of Wiha 
i "Sar Morac ho! . 


Cliff, Ie is aloo met with in Headon Hill, in the same beds. 
At Sconco, in the Isle of Wight, it ooours in the Bembridge 
weriés. Tho lower and middle portion of the Headon series ix 
also inet with in Hordwell Cliff (or Hordle, as it is often spelt), 


Wig. 177, Fig. 178, 


Fig. 174. 


erate mares, Sov.. _Lieen conden, Baw. Cerium amorra BOW 
nat. size, Hoadon serien. $ Headonserien 
near Lymington, Hants, Tho chief shells which abound im 
‘this cliff are Paludina lente and various species of Limnma, 
Planorbis, Melania, Cyclus, Unio, Potamomya, Dreisena, de. 
Among the chelonians we find a species of Ermys, and no less 
than six species of Trionyx ; among the saurians an alligator 
and # crocodile; among the ophidians two species of land- 
snakes (Paleryc, Owen); and among the fish, Sir P, Egerton 
and Mr. Wood have found the jaws, tecth, and hard, shining 
acales of the genus Lepidvstews, or Bony pike of the Amorican 
rivers, The same genus of freshwater ganoids has also been mot 
with in the Henpsterd beds in the Isle of Wight. The bones 
of sevoral birds have been obtained from Hordwell, and the re- 
mains of quadrupeds of the genera Pulsotherinm (P. minus), 
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Anoplotherium, Dichodon, Dichobune, Hyracotherium, Micro- 
clerras, Lophicdon, Hyopotamus, and Hysenodon, The latter is 
allied to the marsupial Thylacinvs, and offers, I believe, the 
oldest known example of » true carnivorous animal in the scrios 
of British fossils; although I attach very little theoretical im- 
to the fact, because herbivorous species are those most 

‘met with in » fossil state in all save cavern deposits, 

is the earliest Ost and is from the Middle Eocene 


Bembridge or Montmartre 
in species us it does from the still more 


i 


af iH 
Ht 


the Bembridge beds, notwithstanding the inter- 
‘St. Helen's series. 
near Lyndhurst, in the New Forest, 
have recently been found, containing 59 species 
of which have been described by Mr. Edwards. 
rest on the Lower Headon, and are conaidered as 
middle part of the Headon series, nnny 
to the brackish-water or Middle 


of 


Hi 


vention. 
At 
marine: 


Fe 
F i 


than 46 out of the 59 Brockenhurst shells, or a 
N78 per cant., agroa with species occurring in the 
in Belgium. 
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‘The marine band of the Headon series has yielded 235 

spocies of fossils, and 14 spocies of corals. A very omsidermble 

ion of theve species is common to the Oligocene beds 

of the Continent, and 22 species ascend from the Eocene beds 
below. 

‘The equivalency of the Headon series with the Tongrian, as 
now limited in Belgium (p. 201) ia exact, and it appears that 
the Osborne, Bombridge, and Hempstead strata represent the 
Rapelian Oligocene of the Continent. The Hempstead beds 
may be the equivalents of the Fontainebleau sands, 

Oligocene beds of Croatia.—The Brown Coal of Radaboj, 
near Agmu, in Croatia, not far from the borders of Styria, is 
covered, says Von Buch, by beds containing the marine sholls 
of the Vienna basin (p. 193). The strata correspond in age to 
the Middle Oligocene of Belgium. They have yielded more 
than 200 species of fossil planta, described by the Inte Professor 
Ungor. ‘Those plants are well preserved in shard marlstone, 
and contain several palma; among thom the Sabal (fig. 154, 
p. 204), and another genus allied to the date-palm, Phamicites 
‘spectabilis, The only abundant plant among the Radaboj fossils 
which is characteristic of the Miocene period in the Popules 
muctabilis, whereas no less than fifty of the Radaboj species are 


Pig. 180. 


Fumeme Five; mat. sla, Otigscens, Radabes, Croatia, 


common to the more ancient flora of the Lower Molasse or 
Oligocene of Switzerland. 

‘The insect fauna is very rich, and, like the planta, indistes: 
a more tropical climate than do the fossils of C&ningen already 
mentioned. ‘There are ten species of ‘J'ermeites, or White ants, 
somo of gigantic aizc, and laige dragon-flics with speckled 
wings, like those of the outhorn States in North Anerions 
there are also grasshoppers of considerable size, and even the 
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Lepidoptera are not unrepresented. In one instance, the pat~ 
tern of « butterfly’s wing has escapod obliteration in the marl- 
stone of Radaboj ; aa whon we reflect on the remoteness of 
the time from which it hax boon faithfully transmitted to us, 


‘the characters which other insects of « more 
such as the beetles, may afford for specific 
Vanosaa (fig. 180) retains, eays Hor, 

and corresponds with V. Hadena of India, 
jo strata with Cerithium 
and Melania in the freahwater 
tapricoides, Rhinoceros sansanionsis, Am- 

and Anchitherium. 

of India, in Sind, resta upon an important 
‘Oligocene series called the Nari series, which containg a cha- 
4 corals, and very flat Echino- 
Nummulites. No Nummulites | are 


KOCENE FORMATIONS, 


Boeens areas of North of Kurope—Table of English strata—Upper Eocene 
sands and clays—Mbddle Eocene of England—Shelle, 


beds formerly called * Plastic olay” 
sands—Lpper Eocene strata of Prance—Marine ypacous series 
au Sables moyens—Gria de eee eer 
Hitestove—Glaucouie grumitve—Lower 
sasde—-Arylle plastiques Sables de Bracheus ly 


‘Booene areas of the Worth of Burope:—Thie strata next in 
order in the descending series, aro those which I torm Eocene. 
“Tn the scoompanying map, the position of several Eocene areas 
& the North of Europe is pointed out. When this map wns 
ne be > serex past oF the Eocene, those 

3 ‘been described in the last chapter ns 

our in the London Basin, and 

Hampehire, as may be conocived, 

fant a superficial area to be noticed in a map on 

“Whey fille larger space in the Paris Basin between 
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the Seine and the Loire, and constitute also a part of the north- 
Go Lesa Bie econo Sho apache tieta ce Sie eoe 
map. 
peste mere ipeb pam tg es ia 
are confined in Great Britain to the south-onst, and they occupy 
two synclinal basins which have been separated by denudation. 
It ix in the northom part of the Islo of Wight that wo have 
the uppermost beds of the true Eocene best exhibited—namely, 


Pig. 181. 
Map of the principal Bocene ares ot North-Western Iarepa, 


pegs roeks and etrata older 

‘the Devonian. "oy obligae Le 

[NIL The apace latt blank ix connpied br foutitferous formations trom the Deventam 
to the chalk tnclssive, 


those which correspond in their foesils with the marine gypsum 
of the Paris Basin (sce Table, p. 103). This gypsum bas been 
velected by almost all continental geologists as affording the 
‘best line of demarcation between the Oligocene and Eocene 
formations. 

‘Tho correlation of the Fronch, English, and Belcan mb sub- 
divisions is often a matter of great doubt and difficulty, notwith- 
standing their geographical proximity. ‘This arises from various 
circumstances, partly from the former prevalence of marina 
conditions in one basin simultaneously with fluviatile or lacus- 
trine in the other, and sometimes from the existence of land in 


Taasteg is thls alec, it any be rinted Liat we re a 
tionnble evidence of cacillations of lerel ahown by the super- 
position of salt or brackish-water strate to fuviatile beds ; and 





preserved, 
found by Dr. T. Wright ors 


apeamoss, 

ie ly beds, is very characteristic. 
(eininsifers called Numuutites begin, when we study 
formations in a descending order, to meke their 
in these beds, Nusnmulites planwlatw anda small 
Nusmaulites varidarivs (Gg. 191), are found both 
on the Hampshire coast and in bods of the same age in White- 
the Isle of Wight. Several marino shells, among 
‘Contula pirwm (fg. 159, p. 208), are common to the 
‘Deis and the higher Hempstead sories, and a still 


gestae mumber arw common to the Headon series. 
ae 
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MIDDLE EOCENE, ENGLAND. 


Bracklesham Beds and Middle Bagshot Sands.—Beneath 
the Barton Clay we find in the north of the Isle of Wight, both 


Pig. 168. 2 Pig. 181, 


Volutn athten, 01, $ Baxton 
‘snd Drackloxhom, 


attilee Becton at Be 


Pig. 199, 


in Alum and Whitecliif Bays, a great series of various-coloured 
sands and clays for the most part unfossiliferous, and probably 
of estuarine origin, As some of these beds contain Candite 

plunicosta (Bg. 192) they have boon identifiod with the marine 
bods much richer in fossils seen in the coast section in Bragkle- 
sham Bay, near Chichester in Sussex, where the strata consist 
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chiefly of green sands with some lignite. Among the 
Brackleshan ome aides the Cardita, ocours the huge Ceri~ 
thium gigantewm, 20 conspicuous in the Caleaire grossier of 


Wig. 102, 


Cordite (Vowrricardin) ptomdositr, Lacs. b 
Paris, where it is sometimes two fot in length. Nianmulites 
(we fig. 193), so characteriatic af the lower beds of the 
groasicr in France, where it sometimes forms stony 
Jayers, a5 near Compeigne, is also very common in these beds, 


Pig. 195, 


Memeniiies UFumansiorss) berigatvs, Brvcktatiamn Dixor's Powile 
(Of Sumex, P18, nat, alee, 


(& Section of the mummualite. 
G5 Geowrn wise en adlvitoe! showing the exterior ofthe abel 
peer 2 ster bd. rariolarins. Out of 193 species 


Calcaire grosier in France. It was 
a fnotang eoeval with that part of the Parisian series, 
than with any other, 
to tables compiled from the best authoritios by Mr. 
the number of mollusea now known from the Brackle- 
in Great Britain is 393, of which no Teas than 210 
a t this subdivision of the British Eocene series, 
while 70 aro common to the older London Clay, and 140 to the 
Newer Baron Clay, The Volutes and cowries of this formation, 
‘a well as the Bryoroa and corals, favour the idea of a warm 
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climate having prevailed, which is borne out by the disouvery 
of the remains of a serpent, Palaophis typhana (eco fig. 194), 


FwarepAts phervs, Owen, $} an Eocene sos-verpent. Drackbsbaas, 
av moural 
SRS iene 


exceuting, according to Professor Owen, twenty fect in length, 
ond allied in iia osteology to the Bos, Python, GAuber, and 


Pig. 195, 


Defensive spine of Ostexceon, j. Brackledum, 


Hydrophis, The compressed form and diminutive size of certain 
caudal vertebrm indicate ao much analogy with Jfydrophide an to 
Fig 198, i nduce Professor Owen to pro- 
nounce this extinct ophidian 

5 to have been marine," 
the companions of the sem 
snake of Bracklesham was an 
extinct crocodile (Goeialis Diz- 
oni, Owen), and numerous fish, 
such as now frequent the seas 
of warm latitudes, as the Ovtra- 
Pulstal or dental. ot Mytotmse coon of the family fen 

cacao ot which = dorm 
figured (eco fig. 198), | 

gigantic Rays of the genus Mylichates (seo fig, 196). 

‘The teeth emia ped of the genera Carcharodom, Otodus, 
nd others, are abundant, (See figs 107, 


1 Palecot. Soe. Monograph. Rept. pte ik p. 6b. 
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Alum May and Bournemouth Beds (Mididle Bagshot).— 
‘The sands and clays which intervene between the equivalents 
‘of the Bracklesham Beds and the London Clay or Lower Eooane, 
are well seen in the vertical beds of Alum Bay in the Isle of 
Wight and eastwards of Bournemouth on the south const 


Fig. 197. Pig. 98, ig. 109, 


Siefue “at 


Fattcok 3 ‘There are some leaf-beds which underlie the 
strata of Bracklesham clays of this locality. 
a th bee re coat eam eaten and there is 


oe seams and lignite. In the 
‘of a leaf-bed at tho base of the Bournemouth strata in 
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Studland Bay, Dorsetshire, shells of the genus Unio attest the 
freshwater origin of the white elay. 

No leas than 40.species af plants are mentioned by MM, De 
Ja Harpe and Goudin from this formation in Hamprhire, among 
which the Proteacee (Dryandra, &c.) and the fig tribe are 
abundant, aa well as the cinnamon and several other laurincr, 
with some papillionaceous plants, 

It appears from the researches of Mr. Starkie Gardner that 
the leaves, fruita, and seeda were deposited close to where they 
once grew. The fruit Nipadites, cluscly allied to that of the 
existing Nipa Palm, was found with the rhind and pulp more 
or Tess preserved. ‘Tufts of leaves of Proteaces, branches of 
Conifers, aooda of Hightea minima, Bow., and Anona were 
observed. A small patch at the base of the ier Bites 
with seods of Hightea cucummites and Pet 
of an Ormunda were present. nate dciaee 
in tho British Musoum from this locality. 


by Mr. Mitchell at Bournemouth), Dophnogene eeronessis, and 
Picus granadilla, ax among the species common to and charac- 
teristic of the Isle of Wight and Italian Eocene beds. The 
American typos of Eoceno plants are noticed. 
Zignites and Clays of Bovey Tracey, Dovonshire.—Sur- 
rounded by the granite and other rocks of the Dartmoor hill im 
Devonshire, is a formation of kaolin clay, sand, and lignite, 
long known to geologists as the Borey Coal formation, respect 
ing the age of which, until late years, opinions were very 
unsettled. This deposit is situated at Bovey Tracey, « village 
distant eleven miles from Exeter in a south-west, and about as 
far from ‘Torquay in a north-west, direction, ‘The atrata extend 
over plain nine miles long, and they consist of the materials 
of decomposed and worn-down granite mixed with vegetable 
matter, and have evidently filled up an ancient hollow or lake- 
like expansion of tho valleys of tho Bovey and Teign. 


‘been removed by denudation.* 
* Phil, Trans 1863, W. Pengelly, P.R.S. and Dr. Oswald Heer, 
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into it as mud from the adjoining land. Evon without the aid 
of Tertiary fousil planta, we might have decided that the deposit 
was newer than the chalk, for chalk flints containing cretacoous 
foasila wore detected by the Duke in tho principal mans of vol 
canic ashon or tuff.* 

Tho late Edward Forbes observed that some of the plants 
of this formation resembled those of Croatis, described by Dr. 
Ungor ; and his opinion has been confirmed by Professor Hoor, 
who found that tho conifer most prevalent was the Sequoia Langs. 
dorfti. (Gig. 156, p. 206), also Corylus grosse-dentata, an Oligocene 
species of Switzerland and of Menat, in Auvergne. ‘There is 
likewise a plane treo, the leaves of which seem to agree with 
those of Platanus ocervides (fig. 146, p. 188), and a fern, Fili- 
cites hebridion, Forbes, which is as yet poculiar aa a European 
fossil to Mull, but which is considered by Dr. Sevtees to by 
identical with a living American species, Onoclea sensibilis, 
is most probable, however, that these beds pcsedbr sie ce 
of Bovey Tracey and Bournemouth, being, aceording to Mr. 
Starkie Gardner, of Eocene age. 

Tretand.—These intersting discoveries in Mull lead to the 


suspicion that the basalt of Antrim and of the Giants Causeway, 

in Ireland, may be of the samo Eooene age, The voleanic rocles 

that overlie the chalk, and some of the strata associated with. 

and interstratified between mames of basalt, contain leaves of 

dicotyledonous plants, somewhat imperfect, but resembling the 
the 


feasor Hoer has examined the various collections of fossil plants 
that have been obtained in N, Greenland (lat. 70°),° Iceland, 
Spitabergen, and other parts of the Arctic regiona, and has 
determined that they indicate = temperato climate.* 

the collections recently brought from Greenland 
Whymper, this Arctic flora now comprises 353 pease 
that of Greenland 169 species, of which 69, or nearly two-fifths, 
Sa ere Ca ae 
beds of Centres! Europa Considerably more than half the 


: Set te Bagi 

ri 
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1,000 fest above the present sea level of Robeson Channel, N- 
Jat. 81°40, long, W. GA? 45’, "Twenty-six species were yoticed, and 
eighteen had been found in the Eocene deposits of Spi 

and Gresnland, The Conifers: with Taxotium distichen, are 
abundant, this lust being found in a state of bloom, Pinwur 
abies occurred whose extreme limit is now N, lat. 69° 30°, but 
it spreads over 25 degrees of latitude. It was only Aretic in 
the Eocene, Largo rvods, poplar, birch, hnsol, elm, and water. 
ily occurred ; but the large-leaved plants like Mognolia were 
not discovered. 

‘Tho similarity of these Tertiary Arctic floras with thoso of 
the Eocene of North Amorion and of Bournemouth, Mull, and 
Antrim, have necessitated their being placed in the Eocene 
sorics, Heer considered them to be of Miocene age, and appa- 
runtly upon insufficient evidence, 

Zondon Clay.—This formation sometimes attains a thick~ 
ness of 500 foot, and consists of tenacious brown and bliiah- 
gray clay, with layers of concretions called septaria, and is foand 
in the London basin, 

In the Hampshire basin the Bognor beds are of the same 
ago, but thoy are essentially marine. 

‘The London clay was partly deposited on a sea-floor close to 
the entry of a large estuary and river, and the strata were 
formed at different depths, and some in shallow water. Several 
zones of fossils have beon discovered by Professor Prestwich ; 
the deepest and most marine being to the east, and the upper- 
most contain a terrestrial vegetation, m: fish, and 
reptilian remains. ‘The following genera of plants and others 

Tig. 206, 


Liquidam- 
bar, ieee Sropaclen Tuga, Buen 
typtus, Anygdatis, Bankinia, 

Mr. Boworbank, in» valuable pub 
lication on these fossil fruitsand seeds, 
has described fruits of palma of the 
recent type Nipa, now only found in 
the Molvocn and 


Tushigisiah ont eee 
rivor ax to obstruct the paddle-wheels of steam-boat. ‘Those 
plants are allied to tho cocca-nut iribe on the one side, and on 
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fauna was long antecedent to the present aspect of nature in 
Europe and Asia, for the Alps and Himalayas were low hills 
washed by the sea, and ages had to olapee before their final up 
Theayal. 


SHELLS OF THE LONDOX CLAY. 


3 


Folutn nada, ras extras, 
towed diighmnte, Some Highmia 


Vig. th. 


Rostritarts (itpyoerrass) 
esl errata tore hs Hidhesne, Fer pics sie sey ta 


‘The marine shells of the London clay confirm the inferenoa 
derivable from the plants and reptiles in favour of a high tem- 
perature. Thus many species of Coous and Foluta ovcur, a large 


Pig. 212, 
Tig. 25. 


oi <a 


Tae De 
Apts pian Rosana, Sans, ‘ooo, srtetin, a ie aa 


Cyprmoa; 0. oviformis, a \ very lange Rostelloria (fig, 210), © species 
of Cancillaria, aix species ot Nowtilus (fig. 919}, benldes ofher 
Cophalopoda af extinet gonera, one of the most remarkable of 





WOOLWICH SERIES, 
oe (fig. 213). Among many characteristic 


Diawteutus, Ag-), about ten feet in length, both 


reign to the British seas. 


now | 
were abundant, and moat of them belonged to 
the shorted hs 


the 

tribe ; one species may hare belonged to the truc 

ene ee Sree are Kenctopsis, Kandhaliche, 

and Bia Anomom, ‘wilh a moderately long 
allied to the 


“Phe Oldhaven Beds form the base sep e a 
‘and consist almost entirely of rolled fint pebbles in a sandy 
dane. twenty to thirty fect thick, 180 specien of 
foasils | Ptah isting of marine and estuarine 


res ukjectia Atala act ntntie tyyer Chan 
re eA eee 


vt consist, Over a large area, of mottled clays 
Uigtites and wish socne trata cf well-eolled lst 


‘or at Bognor, in contact with the chalk; or in the 

-at Reading, Blackheath, and Woolwich, covering 

etsand. Tn tho lowort bods, banks of oystors are ob- 
1, 008 ing of Osirea bellovacims, common also in France. 
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In these beds at Bromley, Dr. Buckland found a Large pebble 
to which five full-grown oysters were affixed, in such 9 manner 
a8 to show that they had commenced their tirst growth upon it, 
and remained attached through life. 

In several places, as at Woolwich on the Thames, at New- 
haven in Sussex, and elsewhere, a mixture of marine and fresh- 
water testacen distinguishes this member of the series. Among 
the latter, Melonia inguinata (see fig. 218) and Cyrena cunel- 


Wig. 217. 


Cyrene cuntformis, Sow. Nateral alco. 
Avcclwieh Clays 


formis (noo fig. 217) are very common, as in beds of correapond- 
ing age in France. ‘They clearly indicated points where rivers 
ented the Eocene sea, Usually there is a mixture of benckial, 
freshwater, and marine shells, and sometimes, as at Woolwich, 
proofs of the river and the sea having successively prevailed on 
‘the same spot. At New Chariton, is the ame Woolwich, 
Mr. De la Condamine discovered in 1849, and pointed out to 
me, 4 layor of sand associated with well-rounded flint pebbles 
in which numerous individuals of the Cyrena tellinella were seen 
standing ondwiae with both their valves united, the siphonal ex- 
tremity of each shell being uppermost, os would happen if the 


a bank of sandy mud, in the delta of the Alntama River at 
Bie ey ae teers of et at of een 
dug out, at low tide, specimens of living species of Cyrena and of 
a Gruthedon, which were sliuilarly placed with their shells orect, 
ata peoare sich tnbes the aie fo prot 
Seen Soe a es  Ealoce eee a) Nee ‘The water 

bile is usually freab, but sometimes brackish, RWotweh 


* Second Visit to the United States, vol. i p. 104. 
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(fig. 221), Corbula longirostris, Scalaria Botrerbankit, Aporrhais 
Sowerbyi (fig. 220), 

Worth of France,—Upper Eoome.—The strata of this age 
in the Paris basin are continuous downwards with the Lower 
Oligocene. They are the marine gypseous series, yellow and 
greenish marls, with Cerithium tricavinatum and Phelademya 
Tudensis, 


. Beneath theao are the ‘Sables mayons,’ with green sands 
orerlying the nearly freshwater limestone of St, Ouen. They 
rest on the Gres de Beauchamp, placed upon a marine sandstoee 
with corms, sharks’ tecth, and Vemmulites variolariua, 

The Middle Eocene is composed of the Calcaire grossics, 
formed af limestones, silicoous litestonea, and sandy avant 
beds at the base, all highly fousiliferous. 

‘The uppor division of this group consists in great part, of beds 
of compact, fragile Limestone, with seme interealated green marls. 
Tho shells in some parte are a mixtare of Cerithivns, Oyelastoma, 
and Corhula ; in others Linnea, Conithium, Patudina, de. In 
lea? the bones of reptiles and mammalia, Paleotherian 

and Lopliodon, have been found. The middle division, or Cal- 
cnire grossier proper, consists of « coarse limestone, often passing 
into sand. It contains. the greater number of the foul abel 
which characterise the Paris Basin. No less than 400 distinet 
srealen hays ‘beet gespsrel vans ae ae ee 
where they are cmbedded in a calcareous sand, chiefly formed 
of comminuted aholls, in which, nevertheless, individuals i oe 2 
perfect state of preservation, both of marine, terrestrial, and 
freshwater species, are mingled together. Some of the ae 
shells may have lived on the spot; but the 
Limnwx, being land and freshwater shells, must have = 
brought thither by rivers and currents, 

Nothing is more striking in this assemblage of fosiil testacea 
than the great proportion of species referable to the genus 
Cerithium (see fign. p. 208). There occur no less than 137 
species of this genus tn the Paris Basin, and almost all of them 
in the Calonire grossier. Most of the living Cerithia i 
sea near the mouths of rivers, where the waters are ; 
so that their abundance in the marine strata now under cote 
sideration is in harmony with the Thypothenls (hat tha Parts 
Basin formed a gulf into which several rivers towed. 

In some parts of the Calesire grossier round Paris, certaia 
bods ocour of a stone used in building, and called by the Frunel 

‘Miliolite himostone,’ Tt ix almost entirely mado wp. 
(eto microscopic shells, ofthe ine of rain the gett 
sand, which all belong to the class Foraminifers, Figures of 
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panics the Nummulitic formation from Europe 
having been found in Catch, near the mouths of 
yg. oh. asweinted with 


2 ©: 


#70, Niledmadcetad, Cort la, 


wich® that the latter are probably newer than the London clay, 
and perhaps older than the Bracklesham beds of England. 

Lignites of Soissonnais and Argtio plastique.—At tho 
‘base of the above strata aro extensive its of sands, 
occasional beds of elay used for pottery. i] oywters (Oastrea 
bellowacina) abound in some places; and in others there ix a 
mixtare of fluviatile sholls, such ns Cyrena 


with in beds occupying the mame 
of the London Basin, Layers of Ii 

Sables do Bracheax.—The marine sands called the 
do Bracheux (a place near Beauvais) are considered 
Hébert to be older than the Lignites and Plastic elay, 
coincide in age with the Thanet Sands of England, At 
in the dopartwent of Aisne, in a deposit of thin age, 
skull bas been found of » quadruped called by Blain 
toeyon primacus, and supposed by him to be related both to 
Bear aud to the Kinkajou \Nedaraiea' The etn ae 
to be the oldest known tertiary mammift 


assigned, appears, 
MM. Hébert, Lartet, and Owen, to belong to an extinct genus. 
Professor Owen rofers it to the class of wading land birds rather 


diligent search and what skill in ostelogical 


* D’Archiee, Bulletin, tom. x.3 and Prestwich, (ieol Quart. Journ 
LMT, p. O77. 
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referred, All the mountain-chains, such as the Alps, Pyrenees, 
Oarpathians, and Himalayas, into the composition of whose 
central and loftiest parts the nummolitic strata enter esis 
could have had no auch altitude till — the Middle Eocene 

period, During that period the sea mainly prevailed Sieg 
theso chains now rise, for Nummulites were unquestionably in. 
habitants of salt water. Before these events, comprising the 
‘convoraion of a wide aroa from a aca to a eontinont, England 
had beon peopled, as I have pointed out (p. 287), by various 
quadrupeda, by herbivorous pachyderms, by insectivorous bats, 
and by opossums. 

Almost all the volcanoes which preserro any remains of 
their original form, or from the craters of which lava streams can 
be traced, are more modern than the Eocene famna now under 
conaideration. 

Sometimes the nummulitic limestone is associated with, 
deposits, and in the Vienna area a deposit called ee 
partly of Upper Eocene age. In the southern and 
Alps, the Macigno has the character of the Flysch, and 
fuccids as its only fossils, It overlies conglomerates and | 
careous matls, and thon comes the main nummulitic limestone, 

Zocene and Wummulltic of Xndia.—The succession of 
strata in Sind and Cutch has boon examined, and the Corals aad 
Echinodermata they contain published. The lowest deposits 
underlie a trap and are called Cardita Beawmontl beds, 
foasiliferous deposit, the Ranikot, rests on them, mee is end 

by the true nummulitic limestone of the Khirthar 
Oligocene deposits of the Nari group succced, 

Bocene strata tn the United states.—In eastern North 
America the Eocene formations occupy a large area bordering 
the Atlantic, which increases in breadth and importance ms it is 
traced southwards from Delaware and Maryland to Georgia and 
Alatams, ‘They also occur in Louisiana and other States both 
cast and west of the valloy of the Missiaippi. At Claiborne, 
in Alabama, no less than 400 species of marine shells, with 
many echinoderms and teeth of fish, charneterize one member 
of this system. Among the shells, the Cardifa planicosta, bofore 
mentioned (Gg, 192, p. 219), i in abundance; and this fossil 
and ecins thors fdantical with Europoan epectos, or very nearly 
Alliod to thom, wake it highly probable that the Claiborne bade 

agreo in age with the central or Bruckleeham group of England, 
and and with the Calcaire grossicr of Paris? 


: the Author, 
Journ, Geek Boe Woe Rise aad ak a 
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Higher in the series in a remarkable calcareous rock, made up 
of Foraminifera, callod Orbitoidal limestone. 

Above tho Orbitoidal limestone is a white limestone, some- 
times soft and argillacecus, but in parts very compact and oal- 
earcoun, Ib containa several peculiar corals, anda lange Nautilus 
allied to . sicsae ; also in ite uppor bed » gigantic Cetacean, 


Zenguxtom by Owen, 

‘The colossal bones of this Cotacean aro so plentiful in the in- 
terior af Clarke County, Alabama, as to be characteristic of the 
formation. The vertebral column of one skeleton found by Dr. 
Buckley at a spot visited by mo, extended to the length of 


Vig tr, Mig. 228 


PQuiioearan Hata 


‘Molar woth, natural atx, ‘Vertebrs, revlused. 


soventy fect, nnd not far off, part of another backbono 

fifty feot long was dug up. I obtained evidence, during 
& short excursion, of so many localitics of thin fossil animal 
‘within x distance of ten miles, as to lead me to concluds that 
there must hare been at losst forty distinct individuals. 


fi has also boon deacribod by Profesor H. G. Sealey 
cana a ep aed 5 


of the Western Territories —Thero ix some 
iy determining the base of the Eocene seriea in the 
Western Territoriva of tho United Statos in consequence of the 
of tho mammalian and plant fossils, But there is a 
ty tho distinguished Amorican palwontologist, Pro- 
¢ Marsh, who writes: ‘The line, if line thore be, separating 
. {roms the Tertiary, must at present be where the 
‘und cther Mesozoic vertebrates dimppear and sre 
by the Macimals, henceforth tho dominant type.” 


BMemole try 1. W Gidbes, Journ, of Acud. Nat. Sei. Philad, vol &. 
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‘The freshwater Eoosne deposits are between the Rocky 
Mountains and the Wahsatch range to the west, and are on the 
central plateau of the continent, The ares was once marine, 
during the early eretacoous period, and elevation took place; 
tho salt water deposits gave place to freshwater ones, which ac- 
cumnlated in lakes surrounded by a land teeming with life and 
luxuriant vegetation. The lncustrine deposits are at least two 
miles thick, and form three groups with different faunas, 

‘The Lower Bocene.—This rests unconformably on 
cretaceons, and has been called the Vermilion Creek Wane 
satch group. It contains a well-marked mammalian faum, 
containing Coryphoden, a Tapir-like animal, with low cerebral 
chameteristics. The occurrence of other species of this genus 
in Europe at the same geological horizon is yery remarkable. A 
diminutive kind of horse, Equus ehippus, of the size of a Fox, 
and an equally small Tapir, are characteristic of the deposite, 
an in the gonus Limsohyna, and tho carliont Pig, BeAywa 
Dryptodon belongs to the family Tillodontia, which combines 
the characters of several mammalian groups, such as the ungu- 
lates, carnivora, and rodentin. The oldest Squirrel, Ree 
and the earliest earnivorn, Limnocyon and Prutdomes, ooo, 
and tho genera. Lemuracun, and Iimnothérium, “which ware 
lormurine animals. 

‘The Middle Zocone.—Tho Groen river and Bridger series 
are characterised by the presence of Dinocerata, w family of 
gigantic Ungulates. A numbor of apocies of Dinoceras, Thno~ 
ceras, and Uintatherium lived during the Middle Eocene, and 
disappeared before tho close of the period. They nearly equalled 
the Elephants in bulk, and the skull hnd two or threo pairs of 
horns and enormous canine tusks, The brain was 
amall, Orchippus,a more advanced horse; a Tapirwith horns, 
Colonocerva; * huge eet Poriee pie 
with four toes ; an Homocodon, a toothed ruminant ; 
and TWlotheriwm, ocour, Simall mera of uxtinet genera and 
Inseotivora were numerous, Carnivora increased in number, 
ond Linnofelis was us large as a Lion; Orveyon bad massive 
jawsand short teeth ; and Dromocyon was s large animal. ‘The 
Lemaroid genora persisted, and Limnotherivm had affinities 
with the Marmosets. Tho oldest Rhinoocros of —— 
Orthoegnodon of these beds. 

‘The Upper Bocene.—The Uintah group is characteciasiL 
a largo Mammal, the Diplacodon and an odd-tocd Ungulate, Ori 
Aippus, will Hived on, and icine adel asta Ore 
‘of the Rhinocerotidm waa Amynedon. Tho erescunt-toothed 
Ungulates are small, and Komeryz is allied to Hyopotamus of 
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Cretaceous and Eocene may have been as great as that between 
the Eocene and Recent periods, Several deposita, however, 
have been met with during the coame of the last half "e 
of an age intermediate hetween the white chalk and the plastic 


certain mediwval records excite when we study the history of 
nations, For both of them throw light on agos of darkness, 
preceded and followed by others of which the annals are com- 
paratively well known to ua, But these newly: discorerod! 
records donot till up the wide gap, some of them being closely 
allied to the Eocene, and others to the Cretaceous type, while 
none appear aa yet to possess a fanna which may entitle them 
to hold a perfectly transitional place in the great chronological 
norics. 

Among the formations alluded to, the Thanet Sands of Prest- 
wich have boon sufficiently described in tho laxt chapter, and 
classed as Lower Eocene, and the Belgian formations, especially 
the Calcaire groasier de Mona, On the other hand, the Maes- 
tricht and Faxoe limestones are very closely connected with the 
chalk, to which also tho Pisolitic Himestone of France is re- 
forable, 

Classification of the Cretaceous Rocks.—The Cretnovous 
group has genorally beon divided into an Upper and a Lower 
suries, the Upper called familiarly the chotk, and the Lower the 
greenaand, But. these mineral characters often fail, even when 
we attempt to follow out the same continuous subdivisions 
throughout a snull portion of the North of Europe, and ane 
valueless when we desire to apply them to more distant regions. 
Te is only by aid of tho organic remains which charactotive the 
successive marine subdivisions of the formation in England and 
France, that we are able to recognise in remote countries, such 
as the South of Europe or North America and India, the for 
mations which wore there, moro or leas contemporansously In 
progress. In the annexed tablo it will be sean that T have tmed 
the term Neocomian for that commonly called * Lower Green- 

sand 5" this latter term being peculinrly objectionable because 
the green graina are an exception to the rule in many of the 
membora of this group, evan in districts whero it was Bret 
studied and named. M. Alcide D'Orbigny, in his valuable work 
entitled ‘Paléontologie Frangaise,’ has adopted new terma for 
the French subdivisions of the Upper Cretaceous series, and. 
these are now s0 generally used by foreign writers that the 

student shouki endeavour to remember their relxtion to the 
English equivalents so far aa it is possible to make them agree, 





on vit) CLASSIFICATION. 


UPPER CRETACKOUS OR CHALK PERIOD. 
Rngliah mitstictatene, French eqniralonta 
4 eee rant ste Line 1. Btage Danien. Wanting 
atone, and Pinolitic Lime- in England. 
wine of France, 


2, Upper White Chalk, with 2, Sénonien, 
flints, 


3, Lower White Chalk, with. 3 Turonien, and part of Cf 
out flinta. nomanien, 

4 Chalk Marl. 4, Céncmanien. 

5, Chloritic Marl, Cambridge 5. Cénomanien. 


Greensand. 
us Upper Groans, 6 Cénomanien. 
7. Gault, 7, Albion. 


LOWER CRETACEOUS OR NEOCOMIAN. 


(Stormin of the Preach.) * 
Continent. 


2 Upper Neosoulan of South 1. Upper Neocomian, 


shire. 
a eeee cae Be prion 2 Middle Neocomian, 


% Banting Sa “ited pasting into $ Lower Neocomian. 
Purbeck boda of the Ju- 
empties Lover See 
ton Clay. 


|" Macstricht Beds. —On the banks of the Mouse, at Maeatricht, 
sei ordinary white chalk with flints, we find an 

=o, ip ator about 100 feet thick, the fossils of which 

se the whole, very peculiar, and all distinct from Twrtiary 

Some few are of species common to the inferior White 

ore hoe may be mentioned Belerwitella mucronate 

ao Pen fricostatvs, & sholl regarded by many 

". quinquecostatus (seo fig. 270). Besides 

sae other genera, such as Baculites and 

feaver' found in strata newer than the Cretacoous, 

ently met with in these Maestricht beds. On the 


sx Xoveo._ lot hy 1Ocbleny fr the User 
‘by the Recount Vang on tak taney 
formerly: 


oe 
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other hand, Voluta, Fasciolaria, and other genera of univalve 
abells occur, which are usually met with only in tertiary strata, 
Or it may be more properly stated that 
Fig. 229, Gasteropoda, which aro rare in the 
English chalk, are not uncommon else- 
where, where the depth at which acca- 
mulation took place differed. In the 
Indian sorics there are many gonern. 
‘The upper part of the rock, about 
20 feet thick, as seen in St. Peter's 
Mount, in tho suburbs of Maestricht, 
abounds in corals and Bryorca, often 
separable from the matrix ; and these 
Detomntotin mueronnm,3, beds are succeeded ae a soft ‘anette 
Maostricht, Fasoe, and ‘mestone 50 feet 
‘Walte Chalk. quarried frou time eames for 


building. The atone below ia whiter, 


own 
werfnee, wil - and contains ocossional nodules of grey 
Saeoie ine 
4 Section at sine, showing wr ale 
luo: of phiragmacone” 


chalcedony, 
MM. Bosyuet, with whom I examined 
this formation (August, 1880), pointed 
out to me a layer of chalk from two to four inches thick, contain- 
ing green earth and nuinerous encrinital stems, which forms the 
line of demarcation between the strata containing the fomsibs 
peculiar to Maestricht and the White Chalk below, The latter ie 
distinguished by regular layers of black flint in nodules, and by 
shells, such as Terebratela oxrnoa (see fig. 246, p. 203), wholly 
wanting in beds higher than the green band. Some of the 
organic remains, however, for which St. Peter’s Mount is cele 
brated, occur both above and below that parting layer, and, 
among others, the great marine reptile called Mosasaures, » 
saurian supposed to have been 24 feet in length, of which the 
entire skull anil a great part of the skeloton hare been found. 
Such remains are chiefly met with in the soft freestone, the 
prineipal momber of the Mnostricht beds. 

‘The Maostricht chalk consists mainly of more or loss friable 
limestone with a granular textare passing into one of a coarser 
nature, Ttdoes not mark like chalk, and is usually yellowials tu 
colour. 

‘The fragments of shells and Gsh-teoth are often united by a 
calcareous cement, and the quantity of fossil romaine ix vast 
indeed. Goniosaurus and two great Cheloninns, a Dinoswur, 20 
specios of shark ; and some Teloostoana are amongst the verte 
Urata. Crustacea abound, and amongat the Cephalopotts, bo- 

7 For particulars of wtmeture, see p. 229, . 
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The Nautilus Danicus (fig. 231), and two or three other 
species found in this rock, are frequent in that of Faxoe im 
Denmark, but aa yet no such characteristic genera of the Cre- 
taccous age as Ammoniter, Hamites, Scaphites, Turrilites, Baes 
lites, or Hippurites have been met with. Moreover, the great 
aqueous erosion suffered by the White Chalk, before the Pisolitic 
limestone was formed, affords an additional indication of the 
two deposits being widely suparated in time. 

Chalk of Faxoe.—In the islandof Secland, in Denmark, the 
newest member of the chalk series, seen in the sewecliffs at 
Stevensklint resting on white chalk with flints, is a yellow lime- 
atone, a portion of which, at Faxoe, where it is used as a build- 
ing stone, ia largely composed of corals. It has boots quarried 
to the depth of more than 40 fect, but its thickness is unknows. 
The embedded shells are chiefly casts, many of them of univalye 
molluscs, which are usually very rare in the white shalk of 
Burvpe. Thus there are two npecics of Cypreea, one of Olies, 
two of Mitra, four of the genus Cerithiom, six of Puna, two of 
‘Trochwa, one of Patella, one of Enarginula, &e., on the whole, 
wore than thirty univalves, spiral or patelliform. At the sme 
time, some of the accompanying bivalve shells, echinoderms, 
and zoophytes arw specifically identical with fomils of the troe 
Crotacecus series, Among the cephalopoda of Faxoe may be 

Pig. 33. 


Nemritar Dowtons, Gohl, Paxee, Demaatlie 
Macatzicht, be. 


twentioned Baewliter Fawjoati (fig. 230), and Relemnitella wetter 
nata (fig, 229, p. 244), shells of the White Chalk. The Nautilus 
Duwicws (Gg. 231) is characteristic of thia formation ; mtd Th 
iilso occurs in Francs in tho Calcairo pisolitique of Lawursin 
(Department of Oise). ‘The claws and entire carapace of a 
sinall crab, Brochyurus rugows, are soattered through 

stone, reminding us of similar crustaceans enclosed in the 16 

‘of modern coral reefs. Some sniall portions of this coral 
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and Coceoliths become more frequently visible than might be 
leanne The commonest genera of the Foraminifera are @lo- 
bigerinur, Kotalia, Textulina, Orditolina, Nodusasia, Cristellaria, 
Muchlight haxboon thrown apon theoriginof the White Ohall: 

hy the deep soundings mace in the North Atlantic, previous to 
laying down, in 1858, the electric telegraph between Ireland and 
Newfoundland, The substances brought up were examined by 
Wallich and subsoquently by Huxley, Carpenter, and others. 
At depths down to 2,000 fathoms, the oaze forming the floor 
‘of the ocean was found to be almost entirely composed (more 
than nincteon-twentieths of the whole) of minute foraminiferal 
shells of the genus Globigerina, expecially the species Globigerina 
bulloides (fig. 292), ‘The organic bodies next in quantity were 
the siliceous shells called Polycystine, and next to them the 
siliceous skeletons of plants called Dintomacese (figs. 233, 234, 
235), ani occasionally some siliceous spicule of sponges (fig. 238) 
were intermixed. It also contains abundance of the minute 


Pig. 293, hg, 238. Wig. 204, Mig, 335, lg, Se 


Re. 


Ovganio bodies forming the bod of the como ot the Atlamthe wt yerewt Geptivs: 
Olsbigerina baltokles, Calenrecar Rvenepod. 
mee BBR Aetinceycn, 
Silieer Notewncer. 
Fax Donurtn dese 
236. Apleuda of sponge. Siicares 4sompe. 


bodies termed Coccoliths, and also Coccoapherss, which were 
discovered by Wallich and are tho parent masacs of the Coceoliths. 
‘They are probably Alyw. They have also been detected as 
fossil, in chalk, 

Dr. Wallich ascertained that #5 per cont. of tho mud of a 
Jarge part of the North Atlantic consists of the shells of Glo 
digerina, But Capt. Bullock, R.N., lately brought up from 
the depth of 2,800 fathoms a white, viscid, chalky mud, wholly 
ovoid of Globigerince, This mud was perfectly homegencoms 
in composition, and contained no organic remains visible te thé 
naked eye. Mr. Etheridge, however, has ascertained 
scopical examination, that it in made up of Coccolitha, 
and other ininute fossils like thoge of the Chalk. ‘Thix white 
wud was dredged up in lat. 20° 1 N., long. 4° 96” E., or shout 
ee ‘and the Cape of Good Hops. 

‘The recent deep-sea dredgings in the Atlantic, conducted by 
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resemble those of the chalk, and the peculisr structure of Von- 
triculites has descended, 

Boulders und groups of pebbles in chatk,—The occur~ 
rence here and there in the white chalk of the South of England 
of isolated pebbles of quartz and green schist has justly 

excited much wonder. It wis at firat 
supposed that they hud been dropped 
froan the roots of some floating tree, 
by which means stones are carried to 
some of the small coral islands of the 
Pacific, But the discovery in L857 of 


pounds, accompanied by pebbles amd 
fine sand like that of bench, has 
been shown by Mr, Godwin-Austen 
to be inexplicable except by tho 
agency of floating ice. If we consider 
berg: now reach 40° north 
Jatitude in the Atlsntic, and seweral 
Vourteutitn rulintws, Stanton, Gogrees nearer the equntor in the 
‘A ailiccoot and hexactingtid gouthern hemisphere, we can the 
ge loka more easily believe that even during 
tho Crutaceous epoch, assuming that the climate was miler, 
fragments of coast icc may have floated occasionally as far as the 
South of England, 
Distinctness of mineral character in contemporaneous 
rocks of the Cretaccous pertod,—But we must not 
that because pebbles are so rare in the white chalk of 
ani France there are no proofs of sand, shingle, and clay 
having been accumulated contemporaneously even in European 
‘eas. Tho siliceous sandstone, called *Ober-Quader” by 
Germans, avorlies white angillaccons chalk, or * Planar-Ralk,” 
deposit resembling in composition and organic remains the 
chalk inurl of the English series, This sandstone containe as 
muny foril shells common to our white chalk as could be ex- 
pected ina sea-bottom formed of such different materials, It 
sometimes attains a thickness of 600 feet, and, by its jointed 
strictare and vertical precipices, plays a conspicuous part in the 
Picturesque sosnery of Saxon Switzerland, near Dresden. Tt 
domonatrates that in the Crotsccous sea, as in our own, distinet 
mineral deposits were simultaneously in progress. The 2 
sandstone alluded to, derived from the detritus of the 
bouring granite, is absolutely devoid of carbonate of lime, yet, 
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‘it was formed at the ilistance only of four hundred miles from a 
now constituting part of France, where the purely 


sAuanehytes ovvts, Less. White chalk, apyer ant lower, 
Side varw, 9, tase of the sSelt eu which beth the oral and asal apertures are 
piwed; the won! belog at the smaller end. 


¢alcarooas white chalk was forming. In the North American 
omtinent, on the other hand, where the Upper Cretaceous for- 
mations are a0 widely doveloped, true white chalk, in the ordi- 
mary sense of that term, does not exist. 

Fossils of the White Ghaik.—Among tho fossily of the 


Pig, 241. Fi. 243, 


Gafersies abogwierus, Lam, 1. seri staer’, 
‘Dyer white chal, Sak y Uppee 
“sy bios chalk: 


Vig. 263. Tig. 248, 


"Dpger white ohare. 


shite chalk, echinoderms are very numerous ; and same of the 
jpemern, Nike Anavichytes (eco fig. 239), arc exclusively cretacoous. 


wean Aer 
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Among the Crinoidea, the Marsupites (Hig. 242) is # characteristic 
genus, Among the mollusca, the Cephalopoda are represented 
by Ammonites, Buculites (Bg. 280, p. 246), and Helemnitella (fg. 
299, p. 24). Although thers are wight or more species of Am- 
ig. 250. 
Me. 267, 


Tertrwnla 


ee wtinchrl valve, third diam Liem enluoe, Ba. 
Upper white chit. Lowoe white chalk, % Ape 
‘and challe mart, fr waits chal 


moniter and six of them peculiar to it, this genus ix much lows 
cach of the other subdivisions of the 
Upper Cretaceous group. 


Wiz. 251. 


ures weicelarts. Eyu. Gryyhes 
eonnenned. 
Upper chalk and Upper grotsases!. 


Among the Brachiopoda in the White Chalk, the Terebratule 
are very abundant. (soo figs. 243, 246, 247). With these ane axao- 
Cerpeoiee forms of oyster (fig, 251), and other bivalves (Hgs. 
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Among the biyalre mollusca, no form marks the Cretaroous 
em in Eoripe, Amorios, and Indis in a moro striking manner 
than the extinct genus Trocerames (Cittilius of Latm.), (fig. 252), 


‘Bettie Merton, Mantell, Houghton, Sumex, White chat. 
‘Diameter cooseventh nat. alta. 


Pig 258. Two indtirideale depetved of thelr upper valves, alluring together. 


ZA, Same wore from above, 
ae of theshell, magnified to show the 


Pa cattoce, chore ls one externs) ferree and 
teh, Hee JOR 384; Dut they ace tawally is prone 
‘ubiyer ee opercalne valve fe wretiig, 
ae which nre distinguishod by a fibrous texture, and 
are often mot with in fragments, having probably been extremely 
friable. Lima Hoperi (fig. 271) occurs also, 


Daal, 
® Nesural alee, 1. Portion magnited, 


The singular order called Rudistes, by Lamarck, hereafter 
to bo mentioned as extremely characteristic of the chalk of 
‘Southern Barope, has species (fig. 253) in the White Chalk of 


geteral absence of univnlvo mollusea in the White Chalk 
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is very marked. Of Bryozoa there is an abundance, such as 
Kschara and Beeharina (figs, 207, 208). These and other organic 
bodies, especially sponges, such as Ventriculites (6g, 298), axe 
dispersed indifferently through the soft chalk and hard Aint, 


Wie 800 
. 


and some of tho flinty nodules owe their irregular forms te en- 
clowed sponges, such as fiz. 26, a, where the hollows in the 
exterior aro caused by the branches of a sponge (fig. 251, 6) 
een on breaking open the flint. 


’ Vig. 209, 
~. 


ee 


A Ununching sponge tn mn, fro. the white cha, 
From the collection of Me, Sewvrtanik. 


The remains of fishes of the Upper Cretaceous formations 
consist chiefly of teeth belonging to the shark family, of the 
yenora Zamna and Otodus, for instance. Some of the gorera ate 
common to the Tertiary formations, but many are distinet. 
To the latter bolonga the genus Ptychodus (fig. 200), which ix 
allied to the living Port Jackson shark, Certraccon Philippi, 
the anterior teoth of which (seo fig. 261, a) are sharp and 
cutting, while the posterior or palatal teeth (b) are flat, ‘The 
Teleostean division, to which most of the living bony Saher 
belong, appears to hare commenced in the Cretaceous ages, amd 
it is representod by apecies of Berye, a genus atill oxisting i 
the Atlantic and Pueific Oceans. But we meet with no boni 
of land animals, nor any terrestrial or fluviatfle shells, nor anp 
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plants, except seaweeds, and here and there a piece of drift- 
wood. All the sppearances concur in leading ua to conclude 


that the White Chalk was the product of an open sea of con- 
sidernbly, but not abyssal, depth. 

Tho oxistonce of turtlos and oviparous saurians, and of a 
Prerodactylus or winged lizard, found in the White Chalk of 
Maidstone, implies, no doubt, some neighbouring land; but a 
few small islets in mid-ocean, like Ascension, formerly so much 
Fepqounted by migratory drovea of turtle, might perhaps have 
aSorded the required retreat where these creatures Inid their 

in the sand, or from which the flying reptilia may have 
blown out to sea. Of the vegetation of such islands wo 
‘any Indication, but it consisted partly of cyca- 
} for n fragment of one of these was found by 
Thbetson in the Chalk Marl of the Isle of Wight, and is 
‘by A. Brorgniart to Clathraria Lyellé (Mantel), a species 
‘cummon te the antecedent Wealden period, Tho fossil plants, 
howerar, of beds corresponding in age to the White Chalk at 
Aix-ls-Chapelle, prosently to be described, like the sandy beds 
iif Saxony, before alluded to (p. 252), afford such evidence of 
land ax to prove how vague must be any efforts of ours to re- 
store the goography of that pericdl. 
Pterodaetyiva of the Kentish Chalk, above alluded to, 
* dimensions, measuring 16 fect 6 inches from tip 
ite Outstretehod wings. Some of ita elongated bones 
first mistaken by able anatomists for those of birds; of 
Tio omeous remains have as yet been derived from 
4 
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the White Chalk, although they have been found (as will be seen 
at p. 260) in the Greensand, 

‘Tho collector of foesils from the White 

Chalk was formerly puzzled by meeting 


ne. 
with certain bodies which were called 
arch-cones, which were afterwards recog- 
nised by Dr. Buckland to be the excre- 
mont of fish (fg. 262). They are com- 
pom i in great part of phosphate of lime. 
Tho Upper White Chalk with flints is 


not so united as a perfect series of deposits 
(Conaiblses of Rts, frome the aa may at firat aight appear, and there ia 

a distinct arrangement of its fossils in 
zones. The lowest zone (the Chalk of Dover and Broadstairs 
type) is that of the Echinoderms called Micraster:—Mieraster 
cor-testudinarius snd Mizraster cor-anguinum, Next comes the 
Margate type, with the zone of Marsupites ornatus, Troeeramus 
Jingwa and Spongida. ‘The uppermost beds of the Norwich Chalk 
belong to the zone of Belemnitella mucronata. 

Lower White Cbatk,—Tho Lower White Chalk, which is 
several hundred feet thick, and without flinta, has yiolded 25 
species of Ammonites, of which one half are peculiar to it. The 
genera Baculites, Hamites, Scaphites, Turrilifes, Nautilw, and 
Belewnitella, ary also represented. ‘The top of the Chalk without 
flints is the nodular chalk of Dover and the hard cream-coloured 
Chalk rock. Below this is a thickness of at least 220 fect of 


Pig. 208. 


“SSM 


Brouliter ancepe, Lam. Lower cba, 


Chalk, with some few flint hands near the top. ‘This part is fall 
‘of fragmenta of shells, and may be divided into three zones. 
Tho zone of Holaster plawua at the top, Terebratlina gracilis 
next below and overlying the zone of Inoccramuslabiatus. These 
zones rest upon the gritty chalk, 32 feet in thickness, and which 
forms the base of the serica. It contains the Inoceramus just 
noticed, and Echinoconus subrotuxdus, &e The chalk witheat 
Hints is the oquivalent of the continental Turonian, and there 
is a considerable palmontological break between it and the 
nnderlying Ofnomanian or Chalk Marl, 
There ia a fairly well defined bed of yellowiah gritty obalky 

which may be seen, in some places in the south-cast of England, 
in cliff sections below the Chalk without ints. It contains 
Belemwites plesus and Kadiolites Morton. It merges down- 


all 
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wards into the Grey Chalk, which is somewhat grey in colour 
and striped or mottled. Mr. Price statos that it attains its full 
development in the Kentish cliffa, and is 200 feet thick. It 
contains several zones of fossils, of which that just mentioned 
may be considered the top. Beneath the zone with Bedemaites 
plenus is that of Holaster subglobosus (148 feet) and Discoidea 


Amaemiive Motowegrnsts,} Chalk mari, Back and side lew, 
Vig. 208, 


iter ceatatws, $. Lower chalk and chak roar, 
. Bectieis, showing the Collntog bere cf the exturee of the etenntoern 


wwindrica. A lower zone contains Ammonites Rhotomegensix, 
A. marianne, nod Pecten Boxceri, 
Ta the neighbourhood of Dunstable, the hard Totternhoe 


tone into sandy and nearly pure White Chalk in the 
Gray Chalk, and both overlie the trae Chalk 


‘Chalk mart.—This is an argillaccoun chalk, and it forms 
02 
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with the next division the base of the true Chalk formation, 
Tt is scen at Folkestone and in the Isle of Wight, and contains 
amongst the cowmon fossils Scuphites axualis (Bg. 260), Twrritites 
‘tostatus (Gig. 265), Ammonites Mantelli, and Lima globoor. 

Chloritic mari.—This yellow or whitish chalky marl con- 
tains grains of glauconite, and phosphatic nodules. Tt contains 
Ammonites Mantelli, A, varians, A, laticlarins, Nevetilus lorei~ 
gata, Terebratula biplicata, &e. 

‘The Greensand of Cambridge, a bed about » foot thick, 
lying on the base of the chalk of Cambridge, is  glauconitic 
marl with phosphatic nodules, and rolled fossils and erratic 
blocks, It is th® equivalent of the Chloritic mac, ia the beso 
of the Chalk marl, and rests anconformably on the Gault, frou 
the denudation of which its rolled fossils have been derived. 
Numerous reptiles and remains have been found in this deposit 
polonging to Chelonians, Crocodiles (Polyptychodom), Lacertiliae 
(Moxraurw), Dinosanria, many npecies of Plerodactylus, small 
and largo, and species of Plesiosaverus and Ichthyownrws, "Two 
species of true birds occur (genus Znaliornis), and Professor 
H. G. Seeley considers them to have been swimming birds, 

‘The Red Chalk of Hunstanton is probably of the same geo- 
logical age aa the Cambridge greensand, its colour being due to 
oxidation of the glauconite. 

Upper Greensand.—Sandy strata often greenish in colour, 
formerly atated to form a distinct formation, arenot very readily 
separable from the Chloritic Marl. But if the separation ixreal, 
the formation may be divided into an upper zone with Pecten 


caper, and slower with Ammoniter restrutus But there in = 
mixture of Chalk Marl, Chloritie Marl, and oven of Gault: 

in this series, no that it is very debateable ground. It is well 
developed in Devon and Somersot. The Warminster beds 
coomtain Mieralacia coronula, Ostren exriwats {ce se ae 
asper, Teredratula biplicata, and the Blackdown Weds have 

Trigonia alaformis, Janira quirynecosteta, ani Bxogyre conten, 
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The development of this series is slight in the Kentish area 
and to the north. 
se mollusea of the Groon or Chloritic 


bee 


"per prc ui iret i a heat 


Pres may be mentioned Terebrerostra oa (tig. 200), Pecten 
seperate (fe 270), and Ortrea celumba (fig. 267), 

‘The Cephalopoda are abundant : 40 species of Ammonites aro 
new known, 10 being peculiar to this subdivision, and the rest 
commicn to the beds immediately above or below. 

Gautt.—The lowest momber of the Upper Cretaceous group, 
tmally about 100 foct thick in the S.E. of England, is provin- 


imeaieren ointment. Brn. Homie aig, Ge 
vear Folkestone. Oxall 


Callas Gault. It is « stiff dark-blue marl, sometimes 
intermixed with greensand. Messrs. De Rance and Price have 
shown that one of the best sections is at Copt Point, near 
Wolkestone, where the upper and lower divisions of the series 
an be seen, ee division contains Ammonites rostentis 
fima, SeapAites wyualis, Ammonites cristatua, and 

Dalf of ite species pass up into the superinoumbent beds. 

‘The division rests on Lower Cretaceous rocks, overlaps 


— 
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them, and covers the Kimmeridge clay of the Oolitic formation, 
showing the physical break between the Lower and Upper 
Cretaceous formations. About one-eighth only of the fossils 
pass from the Lower into the Upper Gault. ‘The lower division 
contains Ammonites auritus, A. lautus, Solerivm monitiferwm, 
Ancyloceras spinigerum (fig. 272), numerous corals and crabs, 
and species of Cricceras and Hamites, 

Flora of the Upper Cretaceous period.—As the Upper 
Cretaceous rocks of Europe are, for the most part, of purely 
marine origin, and formed in deep water usaally far from the 
nearest shore, land-plants of this period, as we might naturally 
have anticipated, ‘aro very rarely mot with. In hasgaer 
hood of Aix-la-Chapelle, however, an important exception 
oceurs, for there certain white sands and "tasainabedlotige 400 
feet in thickness, contain the remains of terrestrial planta in a 
beautiful state of proacrration, ‘These beds are the equivalents 
of the White Chalk or Sénonien of D’Orbigny, although the 
white siliceous sands of the lower beds, and the green grains i 
the upper part of the formation, cause it to differ in mineral cha~ 
nicter from our White Chalk. They rest upon Paleosoic rocks. 

Bods ob inky, with foxsil plants, and with satus of lignite, 
and even perfect coal, are intercalated. Floating wood, can- 
taining perfornting shells, such as Pholas and Gastrochmna, 
occur, There are likewise a fen bole 50 ye 
limestone, with marino shella, which enable us to prove that 
the lowest and highest plant beds belong to one group, Among: 
these shells are Peeten quadricostaties and several others which 
are common to the upper and lower part of the series, and Tie 


a Hamite, a form charactorietic of formation, 
was recognised in 1873 by Profemsor Hughes in BG Deere 
tion. On the whole, the organic remains and the geological 
position of the strata prove distinctly, that in the neighbourhood 
‘of Aix-ln-Chapollo, a gulf of the aneent Crotscoous sta wae 
bounded by land composed of Devonian and Carboniferous 
rocks, ‘These rocks consisted of quartzoee and schistose beds, 
the first of which supplied white snnd and the other argillacoons 
mud to a river which entored the ava at this point, ommying 
down in ita turbid waters, much drift-wood and the lesven of 
planta. Occasionally, when the force of the river abated, 
‘marine shells af the genera Trigonia, Ostreo, Pecten, Haxsites, 

and Gardin established thomselveson the same area, and plats 
allied to Zostera and Fucus grew on the bottom, 

ifaw plats of Wile socks pce ae a 
have been diligently oollected and stodied by Dr. Debey, anil 
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the Dakota group (p. 267) of the Cretaceous Formation of the 
Western Turritories of the United States. There are Ferns, 
anda great Dicotylodonous awemblage, including many ever 
greens and conifers. 

A-second flora, which is probably of Lower Cretaceous age, is 
romarkable for having only yielded one Dicotyledonous (Angio- 
spermoua) species, but numerous Conifers, many Cycads, and 
fow Monoeotytedons. (Soe p. 281.) 

Bippurite Hmestone.— Difference between the chalk of the 
North and South of Europe.—By the aid of the three tests, 
superposition, mineral character, and fossils, the geologist has 
been enabled to refer to the same Cretaceous period, certain 
rocks in the North and South of Europe, which differ greatly 
in their fossil contents and in their mineral composition and 
structure. 

If we attempt to trace the cretaccous deposita from England 
and France to the countries bordering the Mediterranean, we 
perceive, in the first place, that in the neighbourhood of London 
and Paris they form one great continuous mass, the Straits of 
Dover being a trifling interruption, a valley with chalke cliff on 

both sides. We then observe 


ig. 37% that the main body of the chalk 
which surrounds Paris, stretches 


ell 
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phwea (Beogyra), Pecten, Lima, Trigonia, Catillus (Inooeramna), 
anil Teretratula.? Bat Ammonites, as M, D'Archiac observes, 


Pig. 


@ Retialites retiom, DOrb. 


& Upper vaire of mice, 
‘Witte chalk of Ppance, 


Zoe full exven they cocur tn gronpe adberte 


= vsive, sharstng 0 retiulated stroctare tn thew 
wor if 
of the ‘ower abd eyTindvea! valve 
he lawer ewnioal al 





Among these imay be mentioned 

and other member: of an order of mollusca called 

Lamarck, and which is very charicteristic of rocks of 

taceous era in the South ee orn eae Greoss, and. 
other countries bordering th: i Mediterranean, | and 2 
Tamaion, Tho species called ppt orgeanita 

more abundant than any other in the South of 

cast of the interior d ia often the only part preserved in = 
compact marbles of the Upper Cretaceous period. The flutings 
on the interior of the Hippurite, which are represented on the 
cast. by smooth rounded longitudinal ribs, and in sone indi 
viduals attain au great size and length, are wholly unlike the 
markings on the exterior of the shell. 

Cretaceous Rocks in the United States.—If we pass to 
the American continant, wo find in tho State of New Jersey 
a series of sandy and argillaccous beds wholly unlike in mineral 
character to our Upper Cretaceous system; which we can, 
nevertheless, recognise as referable, palwontologically, to the 
same division, 

‘That they were about the same age generally as the 
Chalk and Neocomian, was the conclusion to which Dr, Morton. 
and Mr. Conrad came after their investigation of the fossils in 
1834, ‘Tho strata consist chiefly of groonsand and groots marl, 
with an overlying oor] Himostona of a pale yellow colour, 
the fossils, on the whole, agree most nearly with those of the 
Upper European series, from the Maostricht beds to the Gault 
inclusive, I collected sixty shells from the New Jerse; 
deposits in 1841, five of which wore identical with 
spocies—Ostren Lares, 0. vestoularis, Gryphea costata, 

quinquecostatus, Belemnitdla mucronata, As some of 
have tho greatest vertical range in Europo, they might 
pected more than any others to recur in distant 
globe. Even where the species were different, the 


have # decilodly Cretaceous aspect, Fifteen out of the aixty 
shells above alluded to, were regarded by Profesor Forbes ax 
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amongst the palms. There are 167 species of Angiospermous 
Divotyletons, Se which about one-half are still represented by 
living species. ‘The order Protein has three genera—Proteoides, 
Bmbothrin, and Aristolochites ; and amongat the Laurin aro 
Laurus, Persea, Sassafras, Cinnamomum, Orecdaphie ; whilst 
Magnolia and Lyriodendrow are amongat the Polycarpia, This 
flora should be carefully noticed, in order not to be deceived by 
tho statement that Dicotylodons of the abovementioned genéra 
are necessarily of Tertiary age, The flora would at the present 
time be normal in a climate like that of the South of Europe of 
from 35° to 40" N. lat. Probably one-half of the Dicotyledons 
are allied to recent American forms, 

‘The development of Reptilian life in America during the 


of Icithyoueurvs in the Amurican area, whilst 
plentiful in the European Cretaceous strata, and they appear to 
have boon replaced by the Momaaurs, The ander Plesiosneria 


of 
and the Dinosaurs noticed by Seeley in the Maastricht chalk. 
‘The Upper Cretaceous Dinosaurs of America are a Hadrosaures 
‘of the marine beds and soveral genera and species, Agathanmas 
being found amidst the relics cf Dicotyledouous leaves in the 
Lignitic series. 





CHAPTER XIX. 
TOWER CRETACEOUS OR NEOCOMIAN FORMATION. 


‘The Lower ieerecmee weal reee Neocomian—Folkestone and Hythe 
‘bed—Athertiedl eley—Similarity of conditions favouring reappearance 
of alter short intervals—Uppee Spoeton clay—Middle Necoominn 
ze idle Bpeeton clay—Lower Neseomian—Lower Speo- 
ton clay—Wealden formation—Freshwster character of thy Wealden— 
Walt and—Paunfield beds of Parbeck, Dorsetshire— 
Pomil shells and fish of the Wealden—Area of the Wealden—Florm of 
the Wealden of England, Belgium, and Greenland—Tithonian stenta. 


‘We now come to the Lower Cretaceous formation, which was 
formerly called Lower Greenmnd, and for which it will be 
useful, for reams before explained (p. 242), to use the term 
*Neocomian,’ 


UEPER NPOCOMIAN. 


Polkestone and Hythe beds.—Tho sands which crop out 
heneath the Gault in Wiltshire, Surrey, and Susecx are aome- 
times in the part pure white, at others of a yellow 

eplorn: colour, and some of the beds contain much 


stone forms strata two foot thick, alter- 
sand. The total thickness of these Folke- 
Sandgate, and Hythe beds ix less than 300 feet, and the 
heds are soon to rest immodiately on a groy clay, to 
tly allude as the Atherfield clay. Among 

Hythe beds we 


able Lonadalié (Bg. 289), which sbounda in 
Vpper and Middle Neccomian of Southern Europe. 
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Atherfiela clay.—Wo mentioned before that the Hythe 
series resta on a gry clay, ‘This clay is only of alight thickness 
in Kent and Surrey, but acquires great dimensions at Ather- 


field, in the Isle of Wight. Tho difference, indeed, in mineral 

chaructor and thickness of the Upper Neocomian formation near 

Folkestone, and the correspanding beds in the south of the Ine 
Pig. S19. 


Gerviltis wncrwe, Deshis b 
Vpper Neocomban, Surrey. 


Pig. 38. 


Teretrateis safle, Sere}. Diceras Lonabrtil, $0) 

ala toed ii Gam of ce ef tbe valves enlarged, 
of Wight, about 100 miles distant, is truly remarkable. Tn the 
latter place we find no limestone answering to the Kentish 
and the entire thickness from the bottom of the Atherseld clay 
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to the top ef the Neocomian, instead of being less than 300 fect 


“uppermoat of these consists of forruginous sande ; preitecary 
ff sands and clay; and tho third or lowest of a brown clay, 
abounding in fossils. 


Pebbles of quartzose sandstone, jasper, and flinty slate, 
together with grains of chlorite and mica, occur ; and fragmenta 
‘and waterworn foals of the Oolitic rocks xpeak plainly, as Mr. 
Godwin-Austen has shown, of the nature of the pre-existing 
formations, by the wearing down of which the Neooomian beds 

were formed. The land, consisting of such rocks, was doubt- 
eax submerged before the erigin of the White Chalk, » deposit 
which was formed in a more open and probably deeper sea, and 
in clearer waters, 

Among the shells of the Atherficld clay the most abundant 


Pont. wine, 


i rarer th 
baie ie tne otepter 


ae wen are rarer the rane 

ded too great a lapse of time has not 

the length of the interval has been 

same genera will reappear represented 
‘Changes of depth, or of the mineral nature 

‘the presence or absence of lime or of peroxide 
ooourrenoce of a muddy, or a sandy, or a gravelly 
“marked by the banishment of certain species and 
pee of othurs. But these differences of con- 
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‘no necessary connection with the extinction, throughout # large 
area, of certain animals or plants. When the forms proper to 
loose sand or soft clay, or to perfectly clear water, or to a pea of 
moderate or great depth, recur with all the same species, wo 
may infer that the interval of time has been, geologically 
speaking, small, however dense the mass of matter accumulated. 
Tf the genera remain the same, and the species aré changed, we 
haya ontored upon a now period ; and no similarity of elimate, 
or of geogmphical and local conditions, can then recall the oli 
species which a long series of destructive causes in the animate 
and inanimate world has gradually annihilated. A species ora 
variety which has become extinct, never reappears, 

Speeton clay.—(On the coast beneath the White Chalk of 
Flamborough Head, in Yorkshire, an argillageous formation 
crops out, called the Speeton clay. It is several hundred fost 
in thickness, and its palwontological relations have been ably 
worked out by Professor Judd," and he has shown that it is 
separable into three divisions, the uppermost of which, 150 feet 
thick, and containing 87 species of mollusca, decidedly 
to the Athertield clay and associated strata of Hythe and 

Folkestone, already described. It 
is chareterisod by Latics ary 


Hythe and Athertald foxsil. Re- 

maina of skeletons of the genera 

Plesiosaurus and Tdecsamris have 

been obtained from this clay, At 

s the base of this upper division of 

Ammoniics Dadeywrlt Lavin? the Specton clay there occurs & 

1h octal asa layer of large Septaria, 
worked for the manufacture of cement. This bed is crowded: 

fossils, especially Ammonites, some of which aro of great lve. 


MIDDLR NROCOMIAN, 

‘Tealby series. —At Tealby, a village in the Lincolnshire 
Wolds, there are, beneath the White Chalk, some nom-fosaili- 
ferous forruginous sands about twenty feet thick, beneath which 
are beds of clay and limestone about Rfly feot thick, with an 
interesting suite of fossils, among which aro Pecten cinetas 
285), from 9 to 12 inches in diameter, Ancyfeceras Duralliy 
236), and somo 40 other shells, many of thom comunon to 


+ Judd, Speetos Clay, Quart. Geol, Journ, rel. xxiv, p. 218) 
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Neuchatel, in Switzerland, represents the Lowur Neopomian at 
Speeton. 


WEALDEX PORMATION, 


Beneath the Atherfield clay or Upper Neocomian af the §.B- 
of England, a freshwater or delta formation is found, called the 
Wealden, which, although it occupies a small horizontal ares in 
Europe, as compared to the White Chalk and the marine Neo- 
comian bods, is nevertheless of great geological interest, since 
the embedded remains give us some insight into the nature of 
the terrestrial fauna and flors of the Lower Cretaceous epoch. 
‘The name of Wealden was given to this group because it was 
firet studied in parts of Kent, Surrey, and Sussox, ealled the 
Weald ; and we are indebted to Dr, Mantell for having shown, 
in 1829, in his "Geology of Sussex,” that the whole group waa 
of tluviatile origin. In proof ef this he called attention to the 
entire absence of Ammonites, Belemnites, Bruchiopoda, Bchise- 
dermata, Comls, and other marine forsils, so chameteristic of 
the Cretacoons rocks above, and of the Oolitic strata below, and 
tothe presence in the Weald of Paludinw, Melanie, Cyrene, 
and various fluviatile shells, #8 well as the bones of terrestrial 
reptiles and the tranks and leaves of land-planta, 

The evidence of s9 unexpected a fuct as that of a dense 
of purely freshwater origin, underlying a deep-sea. d 
phenomenon with which we have since become fan 
received, at firat, with no amall doubt and incredulity, 
relative position of the beds is unequivocal; the 
boing distinctly soen to pass beneath tho Athorfield 
various parts of Surrey, Kent, and Sussex, and to 


waw, 


‘Tertiary, 2. Chalk watan (or Larwer Cireesseml 
% ‘c Woaldon (Weald Cay nnd Tastings Sad), 


sibs Seen ber teneath te meee os nit 


the same relative tea i 30. Th ae se 


pinperrasde eer F mompelarwnperi gs 
they rest on strata xofurable to the Upper Ovlite. 
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Weald Cay.—The upper division, cr Weald clay, 1,000 feet 
deep, is, in great part, of freshwater origin, but in its highest 
contains beds of oysters and other marino shells which 
itwlicate fluvio-tastine conditions. The uppermost beds are 
mt only conformable to the inferior strata of the overlying 
Neocominn, bat are of similar mineral composition. To ox- 
plain this, we may suppose that, as the delta of a great river 
owas tranquilly subsiding, s0 as to allow the sea to 
upon the space proviogsly occupied by fresh water, the river still 
coutinved to carry down the aamo sediment into the wa. In 
‘confirmation of this view it may be stated, that the rorhains of 
the Tywupodon Mantellé, und also species of the genera Hypsilo- 
Pode, Peorowmrus, Ornithopsis, and Hyleosawrus, gigantic 
terrestrial reptiles, belonging to the ordor Dinosauria, have beon 
discovered sear Maidstone, in the overlying Kentish Rag, or 
muaring limestone of the Uppcr Neocomian, and in the Isle of 


Pig, 288, iz. 290, 


Topol Jomunesen Move eat 
Rercaiy worn tot Tnlivetan! of the sstne 
i) 


Wht and elsewhere. Hence we may infer that some of tho 
which inkabited the country of the great river which 
‘Sroed the Wealden delta, continued to live when part of the 
itiet had become mulimorged beneath tho sea. ‘Thus, in our 
x ‘Fe may suppose the bones of lange crocodiles to be 

iiiily entombed in recent freshwater strata in the delta of 
But if part of that delta ahould sink down 40 as 

‘Covered by the soa, marine formations might begin to 


12 
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neourulate in the same space whore freshwater bede Lad pro- 
viously been formed ; and yet the Ganges might still pour down 
its turbid waters in the same direction, and catry seaward the 
carensea of the same species of crocodile, in which caus their 
bones might be included in marine aa well as in subjacent fresk~ 
water strata, 

‘The Iguanodon, first discovered by Dr. Mantel, was an her- 
bivorous reptile of the order Dinosauria. It was named after 
the Tguann Lizard, which it in no way resembled except yery 
remotely in tho tooth. ‘The Tquanoden's tecth, usually ontire, 
often have a flat ground surface (see fig. 200, 6) resembling 
the yrindora of herbivorous mammalian. Dr. Mantell com- 
putes thnt the tecth and bones of this species, which passed. 
tander his oxamination during twenty yoars, ‘must havo” be- 
Jongod to no less than sevonty-one distinct individuals, rurying 
in age and magnitude from the reptile just burst from the 
ogy, to one of which the femur measured twenty-four inches 
in circumference. Yet, notwithstanding that the teeth were 
more numerous than any other bones, it ia romarkable that it 
was not until the relics of all these individuals had bees found, 
that. solitary exatple of part of a jawbone was obtained, Soon 
afterwards remains both of the upper and lower jaw were met 
with in the Hastings beds in Tilgate Forest near Ceckileld, 
In the same sands at Hastings, Mr. Bocklos found lenge tridac 
tile impressions which it is conjectured were made by the bind 
feot of this animal, on which it is ascertained that there wors 
only three well-developed tocs. 

Occasionally bands of limestones called Sussex Markle cour 
in the Weald clay, almost entirely composed of a species oF 
Paladino, closely resembling the common P. ite English 


Ply. 21 


6 


Cyerte apimizera, Fittow. ‘Wow clay, with Oypeblien. 


rivors, Sholls of the Qypris, 3 genus of Crustocea before 

mentioned (Hx. reg re in lakes and ponda, are alec 

scattered through the clays of the Wealdes, some- 

‘tines producing, like plates of mica, a thin Lamination (see fig. 
292), 

ae ee lower division of the Wealden con~ 
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sists of sand, sandstone, calciferous grit, clay, and shale; the 
argillaceous strata, predowinating 


the following section, drawn up by Moasra, Drow and Foster, of 
the Geological Survey of Great Britain :-— 


‘Natavs of iodentinate Miners} Composition Fhicknoss 
Yoruatsans, ‘of the Berata, th Poet, 


Mand © YSU" | Sandstone and oan . 150 


Blue and brown akale and 
Fiastings| Wetburst Clay - | ciny with a littlo eale-grit 100 
: Hand sa wih some bed 
Astiown Sanit . {Hard sand with an 
(Mottled white and nateiny 
Ashbumbsmn Bods! o 4 y 


with some 


‘The ploturesque scenery of the ‘High Rocks’ and other 
places in the neighbourhood of Tunbridge Walls, is caused by the 
stesp natural cliffs, to which» hard bed of white sand, occurring 
im the upper part of the Tunbridge Wells Sand, mentioned in 
the above table, gives rise. This bed of ‘rock sand’ varies in 
thickness from 25 to 48 feet. Large masses of it, which were by 
‘Bo means hand or capable of making a good building-stone, form, 
movertheless, projecting rocks with porpandioular faces, and ro- 
sist the degrading action of the river because, ssys Mr. Drew, 
hey present a solid mass without planes of division. The cal- 
sarevi sandstone and grit of Tilyate Forest, near Cuckfield, in 
which the remains of the Iyxanadon and Mylecuurus were 
Brst foand by Dr. Mantell, constitute an upper member of the 


Lepahunns Mantetds, Apase Woe'sien 
Wate ant ieetd. EH view of teeth. «Seale. 


Stumliriige Welle Sancd, while tho *aand rock’ of the Hastings 
“aliff, abot 100 foot thick, is one of the lower members of the 
game. The reptiles, which are very abundant in this division, 
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partly of marine saurinns, among which we dnd the 
genera Trionys and Krys, now confined to tropi 


The fishes of the Wealden are. hoy reeraile to the Ganoid 
and Placoid orders. Among them the teeth and scales of 


Lepidotue are most wilely diffused (see fig. 208), ‘These ganoide 


were allied to the Lepidostens, or Gar-pike, of the American 
rivers. ‘The whole body was covered with lange and very thick 
rhomboidal scales, haying the exposed part ccated with enamel, 
Most of the species of this genus are supposed to have been 


Tu. 20 


either river-fish, or inhabitants of the sea at the mouth of 


ontuarion, 
At different horizons in the Hastings Sand we find 
again slabs of sandstone with strong ripple marks, and | 
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these slaba are beds of clay many yards thick. In somo places, 
#.at Starmerham, near Horsham, there are indications of this 
clay having been expcaed ao as to dry and crack before the next 
layer was thrown down upon it. The open cracks in the clay 
‘as moalda, of which casts have been taken in relief, 
‘are, therefore, scen on the lower surface of the sand- 
2%). 
mune place a reddish sandstone occurs in which 
innumerable traces of a fern, apparently a Sphenopteris, 
the stems and branches of which are disposed as if the plants 
standing erect on the spot where they originally grew, the 
sand having been gently deposited upon and around them ; and 
similar have been remarked in other places in thin 
In the same division also of the Wealden, at Cuck- 
field, is a bed of gravel or conglomerate, consisting of water- 
worn pebbles of quartz and jasper, with rolled bones of reptiles, 
‘Those must have been drifted by » current, probably in water 
of no great depth. 
From such fncts we may infer that, notwithstanding the grest 
thickness of this division of the Wealden, the whole of it wasn 


Apioasperrts graciiis, Fitton. Feces the 
Fiastings Sands near Tunbriliee Wells. 
&, Portion of the same mnagnited, 


On tho contmry, such new atrata of sand 
froquently laid dry at low water, or over- 
bya vegetation proper to marshes, 
‘Drackish 
fealden proper. The shells of the Wealden 
genera Melanopsis, Melania, Paludina, 
(see fig. 24), and others, which inhabit 
Jakes; but one bed hat been found at 
in Dorsotahire, where the gonura Corbula, Mytilus, and 
ccurr, indicating a bruckiah stato of tho water; and in 
© Mantel, Geol, of 3.8. of Eogtand, p. 24. 
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some places this bed becomes purely marine, containing some 

well-known Neocomian fossils, among which Ammonites Der 
Auyesté (fig, 284) may be mentioned.* Others are peculiar as 
British, but very charucteristic of the Upper and Middle Neo- 
cormian of the North of Spain, and among these the Vicarya 


Vionrye Lapand, De Vernvell, Wealden, Pratteld 
4. Nearly peetect abetls 
6, Vertical motion of ¢mullor specimen, showinycontincoms Tide, ws im Nerkina. 


Lmjoni (fig. 297), o shell allied to Nerineo, in conspicuous, ‘The 
iniddle Neocomian beds of Spain, in which this shell abounds, 
attain at Utrillas a thickness of 550 foet, and contain ten beds 
of coal, lignite or jet, which are extensively worked.* 

Area of the Weatden,—In regi to the goographical extent 
of the Wealden, it cannot be accurately laid down ; because #0 
much of it is concealed beneath the newer marine formations. 
At has been traced about 200 English miles from west to east, 
from the coast of Dorsetshire to near Boulogne, in France ; and 
100 miles from north to south. The delta had some 20,000 
square miles of aren, The Wealdens of Hanover and West 
phalia resemble somewhat the English series, but they were the 
Jroduct of another river, and did not belong to one great delta. 
But it must be remembered that modern deltas are yery lange. 
‘Thus, the delta of the Quorra or Niger, in Attica alroldnes into 
the interior far more than 170 miles, and couples, it ix sup- 
posed, a apace of more than 300 miles along the coast, thus form 
ing a surface of more than 25,000 square miles, or equal to about 
one-half of Engtand.® Besides, we know not, in sach oxses, 
how far the fluviatile sediment and organic remains of the river 
wnd the land may be carried out from the coast, andspread over 
the bed of the sea. I have shown, when treating of the Misxis- 
sippi, that » more ancient delta, including species of sbolla auch: 


a Geol. Soe. © Fitton, Geol, of 
iets .¢ Dn 
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commenced before the close of the Purbeck period about to be 
considered, and continued during the Tithonian and during the 
accumulation of the marine Lower and Middle Neocomian, and 
that it terminated at tho commencement of the Upper Neo- 
comian, 


CHAPTER XX. 
JURARSIC GROUP—PURBECK WEDS AND OOLITES. 


‘Tho Pardeck tes a member of tho Jurassic sroup—Subdivisions of that 
group—Phy-scal geography of the Oolites in England and France—Upper 
Oolite—Purbeck beds—New genera of fowl mammalia in the Middle 
Parteck of Dormotehiro—Dist-bed or ancient oil—Foasila of tho Purbeck 
bods —Portinnd stone and foesil»—Kimmeridge day—Lit stone 
of Solenhofen—Archwnopteryx—Middle Oolite—Coral lime 
stone—Oxford clay, Atmmoniter and Delempiter—Kelloway  rock— 

alate 


Lower, or Bath Oolite—Oolite aud Bradford elay—Stoneatehd 

Fossil mammalin—Pants of the Ovlite—Vuller's carth—Lnferiar Oolive 
and fomils—Northimptonshiro slates—Yorkshire Oolitic <oel field — 
Brore conl—Palmontological relations of the several subdivisions of the 
Oolitic group—The Oolites of Kurope and Axia, Australia, 


Classification of the Oolites.— Immediately below the Hast~ 
ings Sands we find in Dorsetshire another remarkable formation, 
called the Purbeck, because it was first studied in the sea-clitte 
of the Peninsula of Purbock in that county. These bedeare for 
‘the most part of freshwater origin ; but the organic remains Of 
some few intercalated beds are marine, and show that the Pur 
beck series has a closer affinity tothe Oolitic group, of which it 
may be considered as the neweat or uppermost momber, 

In England generally, and in the greater part of Europe, 
both the Wealden and Purbeck beds are wanting, and the 
marine Cretweous group is followed immediately, in the de- 
scending omer, by another series called the Jurassic. In this. 
term, the formations commonly designated aa ‘the Oolite and 
Liss" are included, both being found in the Jura Mountains 
‘The Oolite was #o named because, in the countrics where it was. 
firet examined, the limestones belonging to it had an oolitic 
ntructure (sve p. 12), ‘These Oolitic rocks occupy in England » 
xone nearly thirty miles in average breadth, which extends 
across the island, from Yorkshire in the north-east to Dorset- 
shire in the south-west. ‘Their mineral characters are not uni- 
form throughout this rogion ; but the following are the masics. 
of tho principal subdivisions cbserved in the central and south- 

‘of Englan 





OOLITIC GROUP, 
OOLITES, 
u; {i Ban Portion bons eA ») and mand. 
Ipper. ne) and man 
Khamoridge cla; 


peers ols area PE SSB ASS iO, fe OSA oe 
pon the Lins, an argillo- 


ues for great duiasioe expecially if we compare 
‘England to which the above-mentioned type refers, 


certain of 
Cote tbrertb ae ct Panes od theJura Mountains adjoining. 
that Ys ioe geographical miles, the 


the argillaceous 
5 Siege itcicatatin’'ard. chekcrod, forming ranges of 
¢ elevated grounds. These ranges terminate abruptly 
Sg ren sige om bo 
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the base of which we have respectively the Gault, Kimmoridge 

clay, Oxford clay, and Lins, This last forms, generally, « bread 

vale at the foot of the escarpment of Inferior Ovlite ; but where 
Ww. 


Lower 
Cotte. 


‘Oxfont Chay, Kim, Cay. 


it acquires considerable thickness, and contains solid beds of 
marlatone, it occupics the lower part of the escarpment. 

‘Tho external outline of the country which the geologist ob- 
serves in travelling eastward from Paris to Meta, is 
analogous, and is caused by » similar succossion of rocks inter 
vening between the tertiary strata und the Lins ; with this dif 
ference, however, that the escaryments of ‘Chall, and Upper, 
Middle, and Lower Qolites face towards the east instead of 
the wot, It is evident, therefore, that denuding agents have 
acted similarly, over an area several hundred miles in diameter, 
removing the sefter clays more extensively than the lme- 
stones, and causing these last to form steep slopes or «cary 
ments wherever thy harder calcarvous rock was based upon & 
more yielding and doxtructible formation. 


UEFPER OOLITE. 


Purbeck beds.—These strata, which we class as the 
most member of the Oolite, are of limited eagreehial eee 
in Europe, but they acquire importance when we consider 
the succession of three distinct acts of fossil remaina whieh 
they contain, Such repeated changes in organic life must 
have reference to the history of a vast lapse of ages. ‘The 
Purbeok beds are finely exposed to view in Durdlostone Bay, 
near Swanage, Dorsetshire, and at Lulworth Cove and the 
neighbouring bays between Weymouth and Swanage. At 
Meup’s Bay, in particular, Profesor E. Forbes examined 
minutely, in 1850, tho onganio remains of this group, displayed 
in a continuous ses-cliff section; and it sppears from his re 
searches that the Uppor, Middle, and Lower Purbecks are each 
marked by peculiar species of organic remains, these 
being different, 90 far a a comparison has yet besa 

from the fossils of the overlying Hastings Sands and We 


Upper Purbeck. —The highest of the three divisions is purely 


=== 
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eee ae these tle Coprides are very abundant 
ic. (Seo fig. 20, 0, b, 0.) 

‘Tha freshwater limestone called * Purbeck Marble,’ formerly 
much used in crnamental architecture in the old English eathe- 
ee wuther counties, is exclusively procured frou 

r Purbeck.—Next in succession is the Middle Purbeck, 

u ht eh the uppermost part of which consists of 

7% with cyprides, turtles, and fish of different 
iptcios from those in the preceding strate, Below the limestone 
hirmckiahwater bods full of Cyrena, and teaversed by bands 
abounding in Corbwle and Melania. These are based on a 
marine deposit, with Feeten, Modiola, Aricwla, and 

Fe. DL 


dally species of Lepidotus und Microdim ruciatus are found, 
ilian roptilo named Mocrorhynchus, Among the 





fig. 288.) 

scen, filled in taany places with species of 

@ oh and with Valewta, Poludina, Planori 
Physa (fig. 903), and Cyolos, all diferent fro: 
curring higher in the series, Tt will be sen 
fuscieuluta (fg. 302, >) has tubercles at the 


Cyprides fron the Midis Parbooks 


a, Cyprts stratopwnetata, K. Rorbon, 
D Ciyrss fevcicnlees, T Porben, 


each valve, a character by which it can be immediately reeog- 
nised. In fact, these minute crustaceans, almost a4 frequentii 


vom of the abales aa plates of miion in 
micaccous sandstone, enable geologistsnt 


Via 
once to identity the Middle Purbeck in 
places far from the Dorsotahire cliffs, 94 
for example, in the Vale of Wardour, 
in Wiltshire. ‘Thick beds cf chert cecar 


in the Middle Purbeck filled with mol- 
lusea and Cyprides of the gener already 


Mihtie Parbeekk, 


Pho brie & Forbes, enumerated, in a bewutifal Land 3 


servation, often converted into 

dony. Among these Professor Forbes met with Gyrogonites 
(the spore-vessels of Chwra), plants never before discovered in 
rocks older than the Eocene. About twenty feet below the 
“Cinder bed’ is a stratum two or three inchos thick, in which the 
fesail niammalia presently to be mentioned occur ; and benoatls 
this is a thin band of greenish shales, with marine shells and 
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‘The largest pre-molar (see fig, 305) in nie fossil een geary 
ina like manner seven parallel grooves, prod 
Fig. 304. 


Ww a 


Treacher of On reel, Amara nk and Jaret 
he ‘ot eigenen ‘prettont wnge Shon, meee 


meme y 
Jength uf the jem, magnitied 34 Bop teee arwores, 
altamnetors, 


mination a similar serrated edge in the crown ; but their direction 
is diogonal—a distingtion, says Dr. Faloonor, which is “trivial, 
not typical." As those oblique furrows form so marked a character 
of the majority of the teeth, Dr. Falconer gave to the fossil the 
generic name of Plagiawlax, ‘The shape and relative size of the 


ube fiecktestt, Palooner. Middie bidceny 
igh ra ‘ratnui# of lower jaw, magnified two 
#eAncleor, by ¢ Tino of vertical Fracture behind the vem, a Thee 
molars thethird and inst (mmc taryer than the other two takes tometer 
if divided by a crack. @ Sovkets of two maleeing ‘oon 
incisor, a, fig, 306, exhibit no leas striking similarity to Hype 
ut. Nererthvless, the more sudden upward curve of pais 
incltor, as well as other charactors of the jaw, indiente = gront 
deviation in the form of Plaglowlox from that of the livite 
Kangarco-rat. 

‘Therv are two fossil specimens of lower jawn of this genus 
evidently referable to two distinct apecice extromely unequal in 
size and otherwise distinguishable. The Pleyiaulen Berklesit 
(fig. lade big ax the ek ere a 
phalanger of Australia (Petawrus Australis, Ws 
smaller fossil, having’ only half the linear dimensions of the 
other, was probably only 1-19th of its bulk. It is of pecaliar 
geological interest, because, ns shown by Dr. Falconer, its two 
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‘back molars bear a docided resomblance to those of the Trinasic 
Microlestes, the most ancient of known mammalia, of which an 
account will be given further on, 

‘Up to 1897 sll the mammalian remains discovered in socon- 
dary rocks had consisted solely of single branchos of the lower 
jaw, but in that year Mr. Beckles obtained the upper portion of 
‘skull, and on the same slab, the lower jaw of another quadruped 
with eight molars, « large canine, and a broad and thick incisor. 
Tt has boon named Triconodon from ita three-coned tooth, and is 
supposed to have been a small insectivorous marsupial, about the 
size of a hedgehog. Other jaws have since been found, indicat- 
‘ing a larger species of the same genus, 

‘Fo the largest of these Profeasor Owen has given the name 
‘of Triconedon major. It was a carnivorous marsupial, rather 
larger than the Pole-cat, and oqualling probably in size the 


A esabnagsde of Australin.* 
forty and fifly mandibles or sides of lower jaws 
with teeth, have been found in the Purbecks; only five 


maxillarics, with one portion of « separate cranium, 
‘ocour at Stonesfield in an earlier deposit (p. 305), and it is re- 
markable that with those there wore uo examples in Purbeck of 
anentire akeloton, nor of any considernble number of bones in 
. Detached bones, often much decomposed, and 
of others, apparently mammalian, have been found; but 
‘MW all of them were restored, they would scarcely suffice to com- 
plete the five skolotons to which the five upper maxillaries above 
‘alluded to belonged. As the average number of pieces in each 
tmammalian skeleton ie about 250, there must be many thousands 
‘of missing bones ; and when we endeavour to account for their 
absence, we are almont tempted to indulge in speculations like 
those once suggested to me by Dr. Buckland, when he tried to 
‘solve the enigma in reference to Stonestield :-''Tho corpses,” 
he said, * od animals, when they float in a river, dis- 
tended by gases during putrofaction, have often their lower jaw 
and sometimes it has dropped off, The rest of 
the body tay thon be drifted elsewhere, and sometimes may be 
swallowed entire by a predaceous reptile or fish, such as an Ich- 
‘Mryowmerus or a Shark.’ 
“Wo may safely conclude that all the spacies lived together 


drained Ayes river and Its tributaries. They afford the 
positive Pues ns yet obtained, of the co-existence of a 
fauna of the lowest class of mammalia with that ample 


4 Owen, Fort] Mammalia of the Purbeck, Palwon. Soe, 1871, 
t 
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development of reptilian life which marks all the 

the Trias to the Lower Cretaccous inclusive, and with a Gymnn- 
spermous Dicotyledonous flora, in which Cycads and Conifers 
predominnted over all kinds of plants, except the Ferns. Sir R. 


marsupials. 
Lower Pwrbeck.—Benenth the thin marine band mentioned at 
P. 285 a8 the base of the Middle Purbeck some purely freshvater 
marls occur, containing species of Cypris (tig, S07 a, ), aes 
and Limnwa, different 
Fig Of. those of the Middle etek, 
‘This is the beginning of the 
inferior division, which is about 
‘80 fect thick, Below the marls 
at Meup’s Bay, more than 30 
from the Lower Purteck. fect of brackish-water strata 
beheueuant oe. pep mmerty mre 
‘peastala, Porton of Serpula, allied to, if not i 
5 OR PI aan tleal with, Serpule \comcersibiy 
found in beds of the same age in Hanover. There are also shells 
of the gonus Rissoa (of the subgonux Hydrobia), and a little 
Cardivm of the subgenus Protocordivm, in these beds, together 
with Cypris. Some of the Cypris-bearing shales are 
contorted and broken up, at the weet end of the Isle of 
Purbeck. The great dirt-bed or vegetable soil containing the 
roots and stools of Oycades, which I shall presently describe, 
Lametatieln terete rapes 
limestone, a rock about eight feet thick, containing Oyelas, 
wata, and Limnaa, of tho saino apocios ax thowe of the 
most part of the Lower Purbeck, or above the dirt-bed. 
freshwater limestone in its tum rests upon he bop boaareeie 
Portland stone, 
Dict-Ledsor ancient surface yoilk—d ptratarn called Uy amines 
mon ‘the dirt,’ or “black dirt,’ was evidently an anciont vege- 
table soil. It is from 12 to 18 inches thick, is of # dark: brown 


gravel. 
Many silicified trunks of coniferous trees, and the remains: 
plants allied to Zamia and Cycas, are buried in this 
and must have bocome fossil on the spots where they grew. 
‘amped et fo ght ro 
thre feet, and even in one instance to six feet, with their roots: 
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the name relative position in the cliffs east of Lulworth Cove, im 
Dorsotshire, where, as the strata have been disturbed, and are 


Pee. 310, 


Mantelin widiformts, Bronge, 
PERF iee pas ota yore ciecimtin, Lig Im th Za 
of the lenox. Jutton* 
now inclined at an xnglo of 45°, the stumps of the trocs are ale 
inclined at the same angle in an opposite direction—a beautifel 
Pig. 211, 


<s+ Proshwater catearnous shale, 
“+ Dirtbed, with moos ef Wreck. 


illustration of a change in tho position of beds originally hori 
zontal (see fig. 311). 

From the facts above described we may infer, first, that hose 
beds of the Upper Oolite, called ‘the Portland,” which are fall 
of marine shells, were oversprend with fuviatile mod, which 


4 Hooker, Descriptive and Analytical Botany, £873, p. 752. 





and covered fi throughout. a portion 
Paros ceria Vy We Gant cl Sapheed, tee hoes 


body of fresh water, from which sediment 
‘was thrown down enveloping fluviatile shells, 3rdly. The regu- 
dar amd uniform preservation of this thin bed of black earth, 
-orer a distance of many miles, shows that the change from dry 
lund to the state of a freshwater lake or estuary, was not necom- 
panied by any violent denudation, or rush of water, since the 
Joose black earth, together with tho trees which lay prostrate on 
its surface, must inuvitably have been swept away had any such 
violent taken 


Cyeade, 

abowo it, which implies ovefllations in the lovel of the 
sane ground, and its alternate occupation by land and water 
more than once. 


if 
Ae 
ae 
sae 
H 
u 
g 
if 


Dicatyledonous Angiosperms ; the whole 
‘the Oolitic than to the Cretaccoua vegeta- 
aflinity is indicated by the vertebrate and in- 


i 


i 
: 


‘urbock roposos (see p. 200), 
aad some change in the physical geography 
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of the area occurred after the deposition of the Portland stone, 
for it was upheayed and worn and depressed, before the Pur- 
becks were deposited upon it. The well-known building-stone 
‘of which St. Paul’s and so many of the principal edifices of 
London are constructed, is Portland free-stone About fifty 
species of mollusca occur in this formation, among which are 
some Ammonites of large size, such as Ammonites gi 

A. biplex also occurs. The cast of a spiml univalve called by 
tho quarrymon the ' Portland Soruw? (a, fig, 312), is oommon = 


Sentra ettvege, M, dw. and J. Mainw, Trigomin gibbon. 9 mak alon, 

‘one 3 diame. C.areruet inte curt a The 
from the Portisnd Sand, Tisbury. Portland Stone, 

the shell of the sume (b) heing rarcly met with. Also Zlrigomlr 

gibbosa (fig. $14) and Cordium dissimile (fig. 315), ‘This upper 

member resta on a dense bed af sand, called the Portland sand, 

containing similar marine fossils, such aa Oxtrea expanse (Bg. 316)— 


Pig. 319, Fig, 328. 


ce 


Cardin fisseoite, ant. soe, Uutros expanse. Porviand Bad, 
"Portland atone, 

below which is tho Kimmeridgo clay. In England these 
Oolite formations are almest wholly confined to Ne ete 
counties. But some fragments of them occur beneath the 
Neocomian or Speeton chy on the coast of Yorkshire, containing 
many mor fossils common to the Portlandian of the Continent 
than does the samo formation in Dorsotshire. Corals are rare 
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in this formation, although one sine, szacen is found plentifully: st 
"Disbury, Wiltshire, in sand, converted into flint: 
and peek hone pikabaeeey matter being replaced by 

‘The Croooditia are Steneosrurus and Goniopholis, and Cetio- 
acurus is one of the Dincsauria. 

immertage Ctay.—The Kimmeriige clay consists, in grest 
part, of a bituminous shale, sometimes forming an impure coal, 
several hundred fect in thickness. In some places in Wiltahire 
it much resembles peat ; and the bituminous matter may have 
been, in part at least, derived from the decomposition of vege~ 
tables, But ae impreasions of plants are rare in. thoes shales, 
eee eee siete, onictir sation sills wit 
akeletons of and Reptilia, the bitumen may perhaps be of 
aaimal origin, 


the fossils, amounting to nearly 100 species, may be 
Cardiwe strintultem (Bg. $17) and Ostrea deltoidan 
(Gg. 318), the latter found in the Kimmeridge day throughout 


2 Wig. 318 


Sete tee Bort of France, and also in Scotland, near 
Enea. Many Foraminifera ocour, and Ammonites. Tho Bro~ 
ses ley (e S10), also mot with in the Kimmoridge clay 
isso abundant in the Upper Oolite 4. aa, 
win ferme ce a the deposit a! 
‘marnea A gryphées virgules.” 
in Argonne, a few leagues from 
re ema where tlewe indurated marla 
‘Gop out from beneath the Gault, I have sccn 
‘ura, on aapanpa leave the surface of Frtpenetion tnt, 
‘Ploughed field literally strewed over with 
ipyster, ‘Tho Trigonellites latua( Apty- Kinnenlf Cay 
‘some authors) (fi. 320) is also widely dispersed through 
It is probably the operculum of a cephalopod. 


te 
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Solenhofen Stone.—The celebrated Li: 
Solenhofen, in Bavaria, appears to: bo/of the aged 
meridge clay. It affords a remarkable oxamplo of 
of fossils which may be preserved iar Sree 
stances, and what delicate impressions ‘of the 
certain animals and plants may be retained where 
mont is of extreme finoness, Although the numl 
iacen in this slate ia small, and the plants few, 
marine, Count Miinster had determined no 
spocies of fossils when I saw his collection 

them no lew than 


‘These insects, among which 
bide, or dragon-tly, must 


in the hinder are catheteen 
Tn tho mame elite of 
fine example was met with in 
war the skeleton of » hird with 
aa most entire, anc relia ese ite 
* feathers so perfect, that: vanes as 
“i hac othe A well as the shaft ore réserved./ Tt has 
Nea support of a wing. been called by Professor Owen rehire 
opterye macrura. Although anatomists sgrve that it is a trae 
Wird, yot thoy also find that in the Iength of the bones 
of the tail, and some other minor points of its anatomy, it 
approaches more nearly to reptiles than any known 
bird. In the living representatives of tho class Aves, the: 
foathers are attached to a coccygian bone, consisting of hele 
yertobre united together ; whereas in the /lrchiropterya the 
is componed of twonty vertobrw, each of which supparta « der 
of quill feathers. 

Professor Huxley, in his late memoir on the order of reptiles 
called Poeee) which are largely represented ia alll the 
formations, from the Cretacvour to tho Trias inclusive, haw 
shown that they present in their structure many remarkable 
affinities to birds. Bat a reptile about two feet long, called 








deen called the ‘Coral Rag, 

bods of fossil corals, some of them retaining the position a 
which they grew at the bottoms of the sea. In their forms 
they froquontly resemble the reef-building polyparis of the 


Wie, 225, Pig, a4, 


Threosmitie amautaris, Milne Ei Taimacstrat, 
"Fade, "Goa! eg, Bteepie Aakions Comat Tap, Seweple Aahiton, 


Pacific. The number of species is small. They belong chiefly to 
the gonorn Thecomilia (tig. $23), Protoseria, nnd Thavinostrwn 
(fig. 324), and sometimes form masses of coral fifteen feet thick. 


Mig 130, 


oe Tag Bie Kebton 


Nortuaor Gost 

Coral Ming, Weymvath. 4 tal alee 
Mr. R. Tomes, F.G.8,, has also discovered species ee 
Dimorpharsen, Lotimeardrores, and Orateroseria. 
mata are numerous, and Cideris Morigemma, and or of 
Pygurus, Pygoster, wud Hemicidaris are frequent. ‘These 
coralline strata extend through the calcaroous hills of the north~ 
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) oa rateateea lea gain recur in York— 
shire, noar Scarborough. Ostrea 395) is 
te gregurea (fig. 325) is very: 
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tho gener Ammonites and Belemnites. In some of the finely 
laminated clays, Ammonites are very perfect, althoagh somewhat 
compreased, and they are frequently found with the lateral lobe 
extended on each side of the aperture into a horn-like projection. 
Geo fig. 329.) 

Similar elongated processes have been also observed to ex- 
tend from the phragmacoue of some belemmnites dit by 
Dr. Mantoll in the same clay (se fig. 328), who, by the aii of 
‘this and other specimens, has been able to throw much light 
‘on the structure of singular extinct forms of Cuttle fish.* 

Remains of the Reptilian genera, Ichthyosaurus, 
Plsionaurus, Megalosaneus, and Rhamphorynehus are found. 

otloway Rock.—The arvnaceous limestone which passes 
under this name, is generally ecouped be acaba egtt eaee 
clay, in which it forma, in the south-west of England, lenticular 
maases, 8 or 10 fect thick, containing, at Kelloway, im Wiltshire, 
numerous casts of Ammonites, and other shells. But im Yorks 
shire this caleareo-arennceous formation thickens to about 30 
fect, and constitutes the lower part of the Middle Oolite, ex- 
tending inland from Scarborough In a southerly direction. The 
number of mollusca which it contains is, according to Mr. Ethe- 
ridge, 143, of which only 34, or res pam apd 
Oxford clay proper, Of the Cephalopoda, (namely, 
13 species of Ammonites, the Ancyloceras Colloriense and one 
Belemnite) are common to the Oxford clay, giving a proportion 
of nearly 30 por cent. 


Lown OOLITE. 


Cornbrash and Forest Marbie.—The epper division of 
this scries, which is more extensive than the proceding or Middle 
Oolite, is called in England the Combmush, as being a braihy, 
‘eaaily broken rock, good for core land. bp: 
calcnmous sandatonea, which pass downwards into the 
marble, an argillaceous limestone, abounding in marine fossils, 
‘The Echinoidea, Echinobrissus clunicolaris, E. orbiewlaris, and 
Holectypus depressus, and also the bivalve Avicwla echinata, are 
common. Ih some places, as at Bradford, near Bath, this Hero 
stonois replaced bya mass of clay (see p. 301), The sandstones 
of the Forest-martle of Wiltshire are often ripple marked and 
filled with fragments of broken shells and pieces of 

having evidently boen formed on coast. Rippled slabs of 
fissile oolite are used for roafing, and have been traced over & 


*® See Phil. Trans, 1850, p. 368; also Huxley, Memoirs of Geol, Survey, 
1864; Phillips, Paleont. Soe 
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aetna peered Bradford in Wilts, to Tetbury in 
Gloucestershire. These calcarcous tile-stones aro separated 
from each other by thin seams of clay, which have been deposited. 

‘upon them, and havo taken their form, preserving the undulat- 

Tagaiiges teal furrows of the mand in such complete integrity, 
that the impressions of small footsteps, 4] tly of Crus- 
tacea, which walked over the soft, spe are still visible. 
To the same stone the claws of crabs, fragments of Eehini, and 
other signs of a neighbouring beach, are still observed. 

Groat (or Bath) oolite.—Although the name of coral rag 
has been appropriated, as we have seen, to the highest member 
of the Middle Oolite before described, somo portions of the 
‘Lower Oolite are equally entitled in many places to be called 
coralline limestones, ‘Thus the Great Oolite near Bath contains 


Mowing the radiation of the tabs 
ot lnterdor of tales taugattel, voewing ueited vurtsox 


ich Calamephyliia radiata (fig. 330) is 


x apecies of Crincids, or stone-lilies, are also common 
Yh the samme rocks with corals; and, like them, must have lived 
where their base of attschment remained un- 

(6, fig. 331). Such fossils, therefore, are 

‘most confined to the limestones; but an exception occurs at 
in the Forest-marble sories, where they 

in ‘sometimes 00 foot thick, In this case, 

the solid upper surface of the ‘Great 

for n time, a thick submarine forest 

‘erinoids, until the olear and still water 


© P. Serope, Pree. Geol. Soe. March 1831, 
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was invaded by a current charged with mud, which threw down 
the Stono-lilies, and broke most of their stems shortoff near 
the point of attaclunent. The stumps still remain im their 
original position; but the numerous articalations, once sn 
poaing thé stem, arms, and body of the Encrinite, were 

tered at random through the angillaceous deposit, in and 
some now lie prostrate. These appearances are represented in 

Pig, 211. 


aly CPUs Apion eeowastuk ELE nt, a, 


the svction 5, fig. 991, where the darker strata represent 
Bradford clay, which is, however, a formation of such local 
development that in many places it cannot be easily 
rated from the clays of the overlying * Forest-marble’ and un- 
derlying ‘Faller’s earth.’ The upper surface of the calcareous 
stone below is completely incruated over with 4 eontinuoas 
pavement, formed by the stony roots or attachments of 
Crinoidea ; and, besides thin evidence of the length of thae 
they had lived on the spot, we find great numbers of single 
joints, of the stem and body of the > enerinito, covered oTer 
with Serpule. Now these Serpule could only have began 
to grow after the death of nome of tho Stone-lilies, 

whose skeletems had been strowod over 

efore the irruption of argillacsous mud. 

find that, after the parasitic Serpulie wero full grown, 

Decome inerusted over with & bryszoan, called Diastopore dil 
viaw (woo ', fig. 382), and many generations of these moDlunooide 
eee each other in the pare water, before they beeame 
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results are curious and unexpected, since it was i fined that 
wo might look in vain for tho carnivorous trach in 
rocks of such high antiquity ax the Great Oolite, and it wana 


Sirens Sow. Puryursides sodelony 
Tad sans Brecon Cay, Great 
Oolite, Minghinhampton, 


received doctrine that they did not begin to appear in consider 
able numbers till the Eoosne period, when those two qt 
families of Cephalopoda, the Ammonites and Belemnites, had 
become extinct. 

Stonesfield Slate; Mammatia.—Tho slate of Stonentiold 
‘has been shown by Mr. Lonsdale to lic at the base of the Great 


Pig, 372. Fie a 


Oolito.? Tt is m slightly oolitic shelly limestone, forming 
lenticular masses embedded in sand, aly 8 hak ak eee 
rich in organic remains, It nlalon, one pebaneeeae 
very similar to itvelf, and which may be portions of the depasit, 
broken up on a shore af low water or during storms, and re 
deposited. ‘The remains of Belemnites, Trigonia, and other 
marine remains, with fragments of wood, are common, and im- 


are porf 
neatly to the genus Buprestis, Tie rowing ae naaeee 
7 Proceedings Geol. See. vol. L p. 418, 
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panama noma cones Tcdthyosmmrus, Pliosourus, Plesio- 
sours, Cetiosaurus, Telessavews, Megalosaurwa, and Rhampho- 
ryochus, have been anorieal ts in the same limestone, 
‘There have also been discovered no leas than ten specimens of 
Jower jaws of marvupial mummiferous quadrupeds, belonging to 


y ~=4 


‘Tugais Toes, 
Right ramps of ser je, 


UN cash te etoue pile 
cetttal mammal, from Bummalra. 


four different genera, for which the names of Amphitherium, 
ium, and Stereognathus have bees 


Resow generally ndmitted that these ure really the remains 
of mammalia (although it was at first saggested that they might 
be reptiles), and the only question open to controversy is limited 


To ts 
nat eda 

oe een a 
We flea ofthe ans 


ig. 34h Bhce'vew of same, 


whether tho fossil mammalia found in the Lower 
Oxfordshire ought to be referred to the marsupial 
Gy to the ordinary placestal series, Ouvier had 
peculiarity in the form of the angular 

‘$a ; 
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the genus Didelphys ; and Professor Owen has sines confirmed the 
doctrine of its generality in the entire marsupial series. In all 
‘these pouched quadrupeds this process is turned inwards, as at 
¢ dy fig. 343, in the Brazilian opossum, wheres in the placental 
series, as at ¢, fign. 341 and 942, there in an almost entire 
absence of such inflection. The Typaia Tone of Somatra has 
been selected by Mr. Waterhouse for this illustration, because 
the jaws of that small insectirorous quadruped ‘bear ne 
resemblance to those of the Stoneafield Amphitherivm 

clearing away the matrix from the apeclmen of taphidlores 


Pig, 345, 
Natural elas, 


Amphitterinm Prevesti, Cav. ap. Btoneatiold late. 
By, Thghacichertase Vaiene, 


4. Coronolld procem.  Condyls, «. Angie of jaw. 4. Doubie-tauapedt salam. 


Prevostii here represented (fig. 345), Professor Owen ascer-. 
tained that the angular process (c) bent inwards in » alighter 
dlogres than in any of the known marsupialin ; in short, tho in- 
flection does not exceed that of the mole or hedgehog, This fact 
mado him doubt whether the Amphitheriwm might not be an 


proximation in its osteology to the 

Myrmecobins, 1 xmall inseotivorous quaai 
has nine molars on each aide of the lower jaw, besides a canine 
and three incisors." Another species of Amphitheriwm has been 
found at Stoncsficld (fig. $46), which diffors from the former 
(fig. 945) principally in boing lager. 

‘The second mammiferous genusdiscovered in the same slates 
was named originally by Mr. Broderip Didelphys Bueklowult (see 
fig. 347), and has since been called Phauwolotherium by Owen. 
Te manifeste a much stronger likeness to the marsupiala in the 
general form of the jaw, and in the extent and position of 
it inflected angle, while the agreement with the living genus 


#A of this: ie ‘will be found in 
pe recent Myrmecobing my Principles of 
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Ditdiphys im the number of the pre-molar and molar teeth is 
. 


1864 the remains of another mammifer, small in size, but 
Targer wins any of those previously known, was brought to 
light. The generic nume of Stereogwathus waa given to it, and 
as is tamally the case in these old rocks, it consisted of part of 


Tia. 047, 


Phescolatsertiam Musttoadt, Proderip «t. 
o, Natural dine, 2 Molar of same, maguified, 


@ lower jaw, in which were implanted three double-fangod 
in structure from those of all other known 

or extinct mammals, 
Plants of the Siate.—At least twelve genera of ferns are 
found, Pecopleris, Sphonpteris, and Twninpteria being commen; 
and Paleosomia, a Cycad, and the Conifer Thuyite. The 


Cone of foe! Arosenrve sphorrooerpa, Curr. 
Enfertor Golite. Brates, 
$ dlaneser of original.” To tw etic 
flue oé the Diitish Suse, 
pines, which are now abundant in Australia and its 
with a pm quadrupeds, are found in like 
ray ntoy accompanied the marsupials in Europe during 
period, In the same rock, endoguns of Ue most por- 
feet structure nro met with, as, for oxample, fruits allied to the 
© Owen's British Foeed! Mammals, ps 62. 
=? 
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Pandanvs, such as the Kaidacarpum oolitioum of Carruthers in: 
the Groat Oolite and the Podscaryo of Buckland (see fig. 348) 
in the Inferior Dolite- 

Patter’s Barth.—Betwoon tho Groat and Inferior Oolite ix 
the West of England, an argillaceous dopoait, 
called ‘the Fuller's earth,’ ocours; but it is 


wanting in the North of England. It abounds 
in the small oyster represented in fig. 350. The 


Wig, 200. 


number of mollusca known in thia deposit ix 
about seventy ; namely, fifty 
Orie Bivalves, ten Brachiopods, three 
* nil seven or eight Cephalopoda ; most are com- 
mon to the Gront Oolite. 
Inferior Oolite.—This formation consists of a calcareous 
freostone and shelly Hmestones, usually of 
attaining in some places, near Cheltenham, 
foot. Tt rests conformably on the Lins, and many species (40) 
ymaa from thia lower to the upper formation, It somotimes rents 
upon yellow sands, formerly classed as the sands of the Inferior 
Oolite, but now regarded aa a member of the Upper Lins There 
Midford sands repose upon the Upper Lins clays in the South 
and West of England. ‘The Collyweston slate, formorly: olsased 
with the Great Oolite, and supposed to represent the North- 
amptonshire and Stonesfield slate, is now found to belong tothe 
Inferior Oolite, both by community of species and position in 
‘the series, The Collyweston beds, on the wholo, assume a much 
more marine churscter than the Stonesfield slate. Nevertheless, 


Fie 
‘Lower carbonaceous trata Enferior Qolite whales. Griethorpe, Yorkshire. 


cone of the fossil plants (Arwides Shutterdi, Carr.), 


rdshire, 
‘Tho Inforior Oolito of Yorkshire (800 feet) consiate bay 
of shelly limestones, shales, ironstones, and sandstones, 
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msume much the aspect of « true coal-feld, thin seams of coal 
having ‘been worked in them for more than & century. 
A rich harvest of fossil ferns has been obtained from them at 


afomil called Equisetum columnare (see fig. 400), which main- 
tains an upright position in sandstone strata over a wide 
area. Shella of Estheria and Unio, collected by Mr, Bean from 
Mamseetets <el bearing beds, point to the estuarine or flu- 
viatile origin of the deposit. 
At Brom, in Sutherlandshire, a coalseam probably cooval 
swith the above,’ or at least older than the Kelloway Rook, the 


? 5 


Inferior Ootita lerior Oolite, 
‘Towent marine bed of the Middle Oolitic poriod, was extensively 
auinied pearly a century ago. Lt atfords the thickest stratum of 
‘Pite vegetable nestter hitherto detected in any scoondary rock 


‘England, ‘of 80,000 tons having been extracted, One 
tea of coal Bacesen eta ap Sent thick Sane beg excels 
is coal resting upon it, The roof-bed of the 
composed of marine shells, such ms Pholadomya, 
ee Corithinn, &o. 
© Gee Juild, Quart. Journ, Geek, Soe. vol. xxix. p. 164. 
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Among the characteristic shells of the Inferior Oolite, may 
inatance Terebratula fombria (Gg. 352), Riyrchonella apinowe (tis. 
363), and these two genera predominate over other Bruchio- 
pods. Pholadomyc fidioute (6g. 854) a found, The genus 
Plewrotomaria is also a form very common in this division as 
well as in the Oolitic aystem generally. It resembles Trochws 


Pig. 388, 


Ammonites bumphresanes, Soe. 1. Later Qullte. 


in form, but in marked by a deep cleft (a, fig 955, 966) on one 
sido of the aperture, The (ullyrites (Duwsater) ringena (Gg. 302) 
isan Echinoderm common to the Inferior Oolite of England 
and France, as are the two Ammonites (figs, 368, 360), The 


Arment railenrsdgit Sern 
te, Sea fi 
Int Oct. Dendy? Culvuon, Ao, 


impertant Ammoniter aro A. Parkineoni, A. Hunphrecanus, 
A, Sovertyi, and A. Marehisonio. 

Palwontologioal relations of the Oolitic strata,— Obi 
vations have already been made (p. 207) on the distinetness ef 
the organic remains of the Oolitic and Cretaceous strats, aad 
the proportion of species common to the different members of 


Caters Marahis. 4 maternal alam, 
Teddie aul wer Oullses 
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the Oolite. Between the Lower Oolite and the Lina there ix a 
somewhat greater break, for out of 256 molluaca of the Upper 
‘Lias, thirty-soren species only pass up into the Inferior Oolite. 
‘Corals are frequent, but have a very restricted distribution, and 
Oe alas get 

ih Fa gine, A cise? vertical singe, Stay 
be mated that in England some few species pass up from the 
‘Lower to the Upper Oolite, as, for ux- 
wipe 1 beoleta, Lithodownus Fig. a1. 


EeilGh ocour, Both between the ‘alan peta” 
j smaller sections of the English ‘ret Oollte wat Oxfort 
intervals of time elsewhere oe 
fossiliferous strata, although no deposit may 
eé in the British area. This conclusion is war- 
a Ee a 
eee 
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CHAPTER XXI. 
TURASSIC GHOUT—coutinued, LIAS 


Mineral chamcter of Line—Numerous successive sones in the Las market 
by distinct fossils, without unconformity in the stratification, or in 
the mineral character of the deposits—Gryphite limestone—Sbells of the 
Lias—Fish of the Lias—Reptiles of the Lies—Iehthyoswuras and Plesio~ 
sarap Marine Reptile ofthe Galapagu Islands Sudden destruction sad 
burial of fossil animnals in juvio-marine beds in. Gloucostershirn, 
and insect limestone—Fosail plants—Origis of the Oolite and Lias, and of 
alternating calcareous and argillaceous formations, 


Zias.—The English provincial name of Lias bas been very 
generally adopted for thrve formations of arg 


aspect which it) most charncteristic of the Liss in 
France, and Germany, is an alternation of thin beds of blue or 
grey limestone, having » surface which becomes light-brown 
when weathered, these beds being separated by dark-coloured 
narrow argillaceous partings, so that the quarsie, 6 Ss xoeky 


Oolite, but which, according to Dr. Wright, are by their 

more properly referable to the Lins; secondly, of 

thin beds of limestone. The Middle Lias, or 0 

has been divided into three zones, and contains in 

beds the deposits of earthy carbonate of iron ore are 30 

extensively worked in the Cleveland district in Yorkshire. ‘The 

Lower Lins, sovording to the labours of Quenstedt, Oppel, 

Strickland, Wright, and othem, has been divided into seven 

zones, each marked by its own group of fossils. This Lower 

Lias averages from 600 to 900 feet in thickness. The doposite of 

the Lias as a whole, collected in shallow seas near comst-lines. 
From Dorsotshire to Yorkshire al! these divisions, obeerres: 

Sir A. Ramsay, are constant ; and from top to bottom we cannot 

sasert that anywhere there is actual unconformity between aay 

two subdivisions, whether of the larger or smaller kind. 





PORSILA OF TH LKAK 


Tn the whole of the English Lins, there ar at present known 
about 900 species of mollusca, and of these 203 ore Cephalopods, 
of whioh class more than 130 xpecies are Ammonites, There are 
species of Nautilus: and Belemnites also abound. Tho 
Tins has been divided by zones characterised by particular 
Ammonites; for while other families of shells pass from one 
division to another in numbers varying from about 20 to 50 per 
cont., these Cephalopods are almost always limited to single 
gone, 28 Quenatedt and Oppel have shown for Germany, and 
Dr. Wright and Professor Blake for England. 

As po actual unconformity is known from the top of the 
Upper to tho bottom of the Lower Lias, and a general uniformity 
in the mineral character of almost all the strata is apparent, it 
a somewhat difficult to account even for such partial breaks as 
have been alluded to in the succession of species, if we reject the 
hypothesis that the old spocios wore in exch caso destroyed nt the 
close of the deposition of certain rocks containing them, and re- 
finced by the creation of new forms when the succeeding forma- 
tion began. I agree with Sir A. Ramsay in not accepting this 


‘Pig. 03. 


i eel (eos) sirentes, Bow, be fy ew, Seat rs 
Aypethesia. No doubt some of the old spreies occasionally died 
ont, and left no representatives in Europe or elmwhere ; others 
were locally exterminated in the struggle for life by species 
whieh invaded their ancient domain, or by varicticn better 
fitted for ancw state of things, Pauses also of vast duration 
tamy have occurred in the deposition of strata, allowing time for 
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the modification of organic life throughout extensive areas, slowly 
Drought about by variaticn accompanied by extinction of some 
of the original forms, 

‘The namo of Gryphito limostone has sometimes boon spplied 


to the Lower Liaa, in consequence of the grest nunber of shells 
which it contains of a species of oyster, or Gryphinn (fy 863). A 
large heavy shell called Hippopodinm’ (fig. 366) ix also charnee 


toriatic of the uppor part of the Lower Liss. Tn this formation 
ooour alto the Avicule (figs. 364 and 305). Tho Uppar Lisa for 


mation is also remarkable for being the newest of the “ 
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rocks in which tho two genora of Brachiopoda, Spirifirina and 
Leite (figs. 367, 968}, occur, although the former is slightly 

niodified in structure #0 as to constitute the subgenus Spiri- 
ferina (Davideon), and the Lepteena has dwindled in size to a 
whell smaller than a pes. The Spiriferide came in during the 


Phy. 870, 


A. plamordis, Sor 
a ideo orig 
Prom the bags of Ue Lown Line 


Bile view, by Proot view, shoming mouth ‘of Rngiand and the Continent. 
eed Bimlcatid keel. Cbaractertaie of 


aleve Las of Rngland and tho Con- 


Silurian ago, dwindled in the Lina, and did not reach up 
than the Oolite. 
Allusion has already been made to numerous zones in the 
Yig.art, 


Sees ements So. Ammonites Mirons Brag. A. Waleoti, Sov. 4. 
is ‘Upper Lins halos 


‘Ties having each their peculiar species of Ammonites, Two of 
thesd zines occur near the bao of tho Lower Lins, and have a 
‘thickness varying from 40 to 80 feet, The upper is characterised 
lig Ammonites Bucklandi, and the lower by Ammonites planorbis 
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(seo figs. 369, 370).' Sometimes, however, there is a third 
intermediate zone, that of Ammonites angulatus. The zones of 
Ammonites angulatus and Ammonites planorbis form the Infra- 
lins on the Continent and in the United Kingdom. 

Ethoridgo states that as a group, probably no other no 
completely died out at a special geological ago as did spscies of 
Ammonitidw, There are, of the 293 species of Ammonites of 
the Lins, only three which are found in the Qolites, and nota 
single species is common to the three divisions of the formation. 

Among the Crinoids or Stone-lilies of the Lins, there are 
many conspicuous forms, ‘The Kxtracrinus Brioreus (fig. 374) 

aS occurs in tangled mass, sometimes 

-° attached to fossil wood or forming 

thin beds of considerable extent, 
in the Lower Lias of Dorset, Glou- 
cesterahire, and Yorkshire. The 
remains are often highly changod 
with pyrites. This Crinoid, with its 
innumerable tentacular arms, ap- 
pears to have been frequently at- 
tached to the driftwood of the 


) tennibrachinta (fig. 875), refer 


ablo tothe Opin oh Neils perfect specimens have been: 
mot with in the Middle Lins beds of Dorset and Yorkshire. 
Pishes of the Lins.—The fossil fish, of which there are no 
Jess than 132 known as British, resemble generically 
tuect ths Olea Bat many differ, according to M, Agassiz, 


yunrt, Jour. Geol, Soc. vol. xvi. 
+ Wyrtile Frome Depts ofthe Ron ye 42. 
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from those-of the Cretaceous period. Among them is a species 

of Lepidotus (L, gigas, Agass.), fig. 376, which is found in the 
Vig. 378, 


Pedxcconna ( 1) Leemtbevehicn, 
Middle Lane, Seatown, Dorset. 
This genus was 
before mentioned as ecourring in the Wealden, and is axp- 
. Pig. 370. 


ales of Lepidecas phon, 
Twn te sole deine 


to have frequented both rivers and ses-comts. Another 
of Ganoids (fish possessing hard, shining, and onamellod 


posed 
genes 
salen), called Achmodus (fig. 377), isalmost exclusively Linasic, 


© Agasals, Polseoun Fosalies, vol. tl, tab. 2%, 27, 
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The teoth of a species of Acrodus, also, are very abundant in the 
Lower Lias (fig. 378), 

But the remains of fish which have excited more attention 


ie. 377, 


Re 
SN ‘ay 
a 2 


than any others are those large bony spines enlled Fehthyodoru- 
lites (a, fig. 379), once supposed by some naturalists to be jaws, 


and by others wespons, eats thote of the living Bolistes 
and Side: but which M. Agassiz has shown to be neither the 


Fi. 70, . 


aaa, Tham Tyme Regt, 
Part o' fos commonly called tn Sebel & Tooth, 


‘one nor the other, The spines, in the genera last mentioned, 
articulate with the backbone, whereas there are no signa of any 
such articulation in the Ichthyodoralites. These Last appear t0 
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have been bony spines which formed the anterior part of the 
dorsal fin, like that of the living genera Cestracion and Chimera 
{see «, fig. 380), hn both ofthese genera, the posterior concave. 
face is armed with small spines, as in that of the fossil Hybodus 
(fig. 379), a piacoid fish of the shark family found fossil at Lyme 
Sueh spines are simply embedded in the flesh, and 
attached to strong muscles, * They serve, sys Dr, Buckland, 
Fig. 380. 
« 


iimarre mowstrens,* 
4. Spine forming abtertor pars of the dorel fin, 


asin the Chimera (fy. 380), * to raise and depress the fin, their 
resombling that of a moveable mast, raising and lowering 
Tackwants tho nail of s barge.’ 

‘Reptiles of the Lias.—It is not, however, the fossil fish 
which form the most striking feature in the organic remains of 
the Liss, but the Enatiommrian reptiles (Ieitiyopterygia and 
Besreptorwic) which are oxtraordinary for their number, size, 

and structure. Seven genera and 44 species of Reptilia are 
found in the British Lins. Among the most singular of these 
are several species of Tehthyosruri and Plesosnuri (figa. 38l, 
B82). These genors are not confined to this formation, but 
Thayo heen found in strats as high as the White Chalk of Eng- 
and, and as low as the Triss of Germany, a formation which 

aucceeds the Lins in the descending order. It is 
etidont from their fish-like vertobro, their pacidles, resembling 
those of = porpoise or whale, the length of their tail, and othor 
ee structare, that the Ichthyomurs were aquatic. 
and towth show that thoy were carnivorous ; and the 
remains of fishes and reptiles, found within their 

Indicate tho procise nature of their food. 

‘Mr. Conybeare gave an ideal restoration of the osteology of 
‘this genus, and of that of the Plesiomurus® (See figs, 381, 


Peisscas Fossiles, © Geol, Soo. Transactions, Seon, 
Ley Seibert gp * 
renter, p. 200. 
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to have lived in shallow seas and estuaries, and to have 
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gun to those of tho TcMthyoasurus, but Ianger. 
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species of fish on which they lived. Not unfre- 
quently there are layers of these coprolites, at different depths 
in the Lias, at a distance from any entire skeletons of the marine 
Usarda from which they wore derived ; ‘as if,’ sxys Sir H. do la 
Beche, ‘the muddy bottom of the sea received small sudden 
accessions of matter fram time to time, cavering up the copro- 
lites and other exuvie which had accumulated during the 
intorvals.’' It is further stated that, at Lyme Regis, these 
surfaces only of the coprolites which lay uppermost at the bottom 
of the ses have suffered partial decay from the action of water 
before they were covered and protected by the muddy sediment 
that has afterwards permanently enveloped them. 

Numerous specimens of a kind of Cslamary (Geoteuthis 
Bollensis) have also beon met with in the Lower Lias at Lyme, 
with the ink-bage still distended, containing the ink in a dried 
state, chiefly composed of carbon, and but slightly fmpreg- 
nated with carbonate of lime. These dibranchiate Cephalopoda, 
therefore, roust, liko tho saurians, have been soon buried’ 
in sediment ; for, if long exposed after death, the membrane 
containing the ink would have decayed.? 

As we know that river-fish are sometimes stifled, even ix 
their own element, by muddy water during floods, it cannot be 
doubted that the periodical discharge of Large bodies of turbid 
fresh water into the sea may be ine tril 
In the ‘Principles of Goology’ Tha 


the sea by rivers during earthquakes, as in Java in 1699; and 
that indescribable multitudes of dead fishes have bean sees 
floating on the sea after a discharge of noxious vapours hpi) 
similar convulsions. But in the intorvala between auch 
strophes, strata may have accumulated «lowly in the ae the 
Lins, some being formed chiefly of one description of shell, such 
as Ammonites, others of Gryphites. 

Comls, rare in the Upper and Middle Liss, become frequent 
im some of the lowest deposits of the Infrv-lins, na at Brooastle 
and Southerndown in South Wales. This group represunts the 
Hottangian of continental geologists. 

Freshwater deposits—zrnsect-beas.—From the above ne 
marks, the reader will infer that the Liss is for the mont part a 
marine deposit. Some members, however, of the series have 
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from the Lias and Oolite of all signs of elt! Angio- 
sperms ia worthy of notice, Amongst the genera of ferns are 
Otopteris, and Alethopteria ; and Zoatoctolag sins Sand 
Origin of the Oolite and Xins,—The entire group of Oolite 
and Lias conaists of repeated alternations of strata of clay, sant: 
stone, and limestone, following each other in the same order. 
Thus the clays of the Ling are, egeat nila followed by 
the Midford sands, and these by the meee 
beds of the Inferior Oolite, succeeded by the 
called the Great or Bath Oolite. So, in the Miah Ost 
‘Oxford clay is followed by calcareous grit and coral rag: 


coal and lignite in Yorkshire and Scotland, and resemble a cosl- 
fold. In the Alps the atrata nsrume an almost puroly calearseus 
form, the sands and claya being omitted. In some Oolitio dis 
tricts the clays and intervening limestones retain a uniform 
character, for distances of from 400 to 600 miles from enat 
west and north to south, 

Tn order to account for such a succession of strata, we 
imagine the bed of the ocean to be at first 
ages of fine argillaccous sediment, brought by oceanic 
which may have communicated with rivers, or 


By 

fit for the th of ateny zoop] sand, oolite 
aed piiatio aro then foamed te from comminuted shell and coral, 
or, in some cases, arenaceous matter replaces the clay; becaues 
it commonly happens that the finer sediment, being first drifted 
farthest from coasts, is subsequently overspread by coarse sand, 
Lideb reese | increasing 
approached nearer payregpere= fet capil 


Tis inrtnaed thekncar cf. thence th thas 
in the Alpe and Jura, where the clays are 
ariaca from the calcareous matter having been 


Pe fr at opted ¥ 
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species of corals and athar organic beings which lived in cloar 
water, far from land, to the growth of which the influx of mud 
would be unfavournble. Portions, therefore, of these clays and 
limestones have probably been formed contemporancoualy to a 


Hit 


iA 


have given rise to the superposition of the 
Spas abd Wiel, tha poniiion 3 aad ne aes 
course of ages to vary, the geologiat has the 

wing for the contemporaneous thinning out 
thickening in another, of the successive 

‘its of the same em. On the whole, 


He 


‘rests conformably on the zone of Aviould emntorta, — 
important insect-beds cccur, and in Germany 
the macosesion resembles that of England. 


CHAPTER XXII. 
‘TRIAS, OR NEW RED SANDSTONE GROUT. 


betwen the Liss and ‘Ivins, Rhetic beds and mamrmifer 
division of the Trins Keuper, or Upper Trias of England— 
pprr Trins—Feceprints in che Bunter formation in 


uper—5t. Cassian and Malletads beds 
of Rut fuane—Moscholeatk and ite foalle—Trias of the 
feoapint of binds and opin inthe valley of the 
Friamlo mammifor of North Carstina—Triamic coal 
Virginle—Indian Triss—Tho break at tho base. 
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and the strata of which we are about to treat, called * Trias,’ there 
is a group of passage beds extending as 4 narrow zone of thin 
strata, from the const of Yorkshire to Lyme Regis. Patches occur 
here and there, and especially north and south of the Bristol 
Channel. These constitute the Rhwtic series. Certain eream+ 
coloured limestones are usually found in the West of England, 
belonging to this series, and were called by William Smith the 
White Lias, and they hare been shown by Mr, Charles Moore to 
belong to a formation similar to ono in the Rhwtian Alps of 
ie. Piz. et, 


2 


Cardiwm rheticumn, 
Merrian, | Nat, sl2t, 
Whatic Beda, 


aes “ie 
Bavaria, to which M. Giimbel has applied the name of Rhsetic, 
‘They have also long been known as the Kissen beds in Ger+ 
many, and may be regarded as deds of passage between the Liss 
ond Trias. They are named the Penarth beds by the Gover 
ment surveyors of Great Britain, from Penarth, near Cardiff, in 
Glamorganshire, whore they attain a thickness of fifty Feet, 
‘The principal member of thia group has been ealled by Dr. 
Wright the Arvoula evntorta bed,’ as this shell is vury abundant, 
and has a wide range in Europe. In Ireland, at Si 
near Portrush, in Antrim, the Avicule contorta (fig. 336) is 
nooompanied by Pecten Valoniensis (fig. 385) ns on the Conti 
Bone-vea.—The best known member of the group, a thin 
band of bone-breccia, ix conspicuous among the black shales in 
the neighbourhood of Axmouth in Devonshire, and in the eliffs 
of Wostbury-on-Sovern, as well as at Aust and other places om 
the borders of the Bristol Channel, It abounds in the remains 
of bones of Ichthyosaurus and Plesioswrne, and 
and of teeth of fish of the genera Acrodus, Hybodus, Gyrolepis, 
and Sanrichthys, ~ 
Among those fossils common to the English bone-bed amd the 
Muschelkalk of Germany (p. 338) arw the tooth of Hytoder 


Sy adie Lo itemncacgei ee 
vel xvi, 
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(plicatilis (fig. 387), Sawrichthys apicalis (fig. 383), Gyrolepis tentei- 
‘driatus (tig. 389), and G. Alberti. It may be questioned whether 
nome of these fossils which have a very Triassic character, may 
pot ener been derived from the destruction of older His 


Pig. 588. Fig. 380, 


i 
| 


Pei tom, Seles teat 
Seika od Eo 
a Tee, En 
Axmeuth. 


since in most bone-beils, many of the organic remains aro un- 
derivative, 


mowanifer.—A remarkable bone-bed occurs in the 
Rhuetic strata of North-Westorn Germany, and it is filled with 
shells and the romains of fishes and reptiles, almost all the 
genera of which, and some even of the species, are the same a8 
these of the subjacent Trias. Profeasor Plieninger found in it, 
Jin 1847, at Diegorluch, about two miles to the south-cast of 
Stuttgart, the molar tooth of a small Marsupial mammal, 
valled by him Microtestes . ‘Ho inferred its true nature 


fit 


oben, Tenner, ils loth magus, Upper Tea, 
" Pecterind ral tategar, Wirton bie! 


* nf la Pee tees caida’ 
2 saaie in pron, A. Grotra of sates 

‘from its double fangs, and from the form and oumber of the 
‘protuberances or cusps on the flat crown; and considering it 
bably inaectivorous, he called it Micrvléstes 
Ben pespes and Ayorys, a beast of prey. Professor W. 
Boyd discoveruil « molar tooth, which be attributed to 
x Hypsipviomnpeis Rhectiows, in the Rhictic bods just 
abelow the common bone-bed at Watchet, in Somersetahire. The 
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late Mr. Charles Moore had previously discovered the same and 
many other teeth in the contents of a vertical fiasure in Carbo- 
niferous limestone which had once been covered by fossiliferous. 


Rhatics. 

Se ee te A eee 
turoasto the affinitics of Microlestes antiquus, until Dr. 7 
in 1807, recognised an unmistakable resemblance between its 
teeth and the two back molars of his new marsupial genus 
Plagiaulaz (fg. 306, p. 288), from the Purbeck strata. Thix 
would lead us to the conclusion that Microletes was marsupial 
and plant-eating. 

‘Trias of Engtand.—DBeneath the Lins in the Midland aud 
Western counties of England, beri Sn 
‘there is a great sories of red loams, shales, 
glomerates, to which the name of the *New Ted Gonstet toe 
mation’ was first given to distinguish it from other shales and 
sandstones onlled the ‘Old Red.’ Those deposits are often 
identical in mineral character, but they Gites greslly ieee ae 
“Old Red’ being of earlicr date than the Carbaniferous formation. 
‘The absence of carbonate of tiny as wall 3: Oo 
organic remaina, together with the bright red colour of moat of 
the rocks of this ‘Now Red’ group, produce a strong contrast 
botwoon the Trias and the Jurassic formations already described, 

The group in question is more fully developed in 
than in England or France, Tt has been called the Trina ty 
Gorman writers, or the Triple Group, because it & separable into: 
three distinct formations, called the *Keuper,’ the *Muschel- 
Kalk,’ and the ‘ Bunter-Sandstein.” Of theso, the middle division, 
or the Muschelkalk, is wholly wanting in England, and the 
uppermost (Keuper) and lowest (Bunter) mombers of the ner 
are not rich in fossils. 

The Kouper,—This upper division is of great thickness in 
Lancashire and Cheshire, attaining 3,450 feet in this Inst-men- 
tioned county, anil it covers a large extent of couniry between 

Yig.to1. Tanenshire and Devonshire, but it thing out 

reply to less than alt tn thiceas in Stafford 


coi of Sew Ra Mar ot with 
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containing this shell, in those parts of England, is, 
to Sir Roderick Murchison and Mr, Strickland, 000, 
and consists chiefly of red marl or slate, with a band. 


strata. 

‘The remains of four saurians have been found. The one 
called | occurred at Grinsell near Shrewsbury, and. 
ischaractorisod by haying» amall bird-like skull and jawa with- 
ont teeth, but with a beak. Theotherthree, Teferpeton, Hyperv~ 
dupedon, and the erocodilian reptile Stagonolepis, were brought 
& light near Eigin, in strata formerly supposed to belong to the 


Pig. 292, 


Maxitery. 
widen 


‘the jee 
right she. 


PER Sied Sato, bat now mongnisel as Upper Teiamio. Tho 
was afterwards discovered 


ra 

uuthern Africa, in rocks believed to bo of 
Erol Ithas been shown by P voters Hexley 519 De 

bea terrestrial reptile having numerous palatal teeth, 

i closely allied to the living Sphenadon of New Zosland. 
ere ee ne wantin fn ew Zea 
to this supposed oxtinct division of the Lacertilix 
an illustration of a principle pointed out by 
of the survival in insulated tracts, after many 
geography, of orders of which tha oon- 
extinct on continents where thoy have been 


8 Sen Judd, Quart, Fours, (Gent. Soe. vol. xxix. p. 142, 187%, 
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exposod tothe scverer competition of a Larger and progrvasive 
fauna, 
In 1842 Profesor Owen examined, microscopleally, some 
tooth of Labyrinthodon (fig. 393), from the Keupor in Wirwice, 
Fig. 398, shirv, and discovered a structure in them of 
extraordinary complexity.* i 
structure of the tooth was found to be dis- 
posed in many vortioal folds, every alternate 
fold being several times plaited transversely. 
Tooth ot Iatyrisrindon; + ef088 section of one of these exhibits a 
Ti ae Warwice Series of convolutions, resembling the Inby- 
Scans. rinthic windings of the surface of the brain, 
and from this character Profeasor Owen has proposed the name 
inthodon for the now genus. ‘The annexed representation 
fig. 304) of port of one is given from his * Odontography,” plate 


Cet 


ra SATIN GHG 


“Trscereess section of: part of of Latgrinrhaten Asner’, Owes (auntie 
a. Pulp ow oi i a mc 
64.A. ‘Tho entire longth of thie tooth ia supposed to have bows 
about three inches and a-half, and the breadth st the bass ons 

inch and s-half. 

This remarkable structure proved on comparison, to 
teri not only the genus Labyrinthodo) ae eeraEee 
gens Mostodouaurus of the German Keuper, and other gener 

# Trans, Geol, Soo. 2nd series, vel. vi. pil, 2 
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be described. In these basement beds Professor W, 0. 
Willinmaon has described the footprints of a Cheirotherivm 
aimilar to those presently to be mentioned in the Bunter beds, 
but peculiar in exhibiting a scaly stracturo. 


‘ower Trias, or Bunter.—The lower division or English 
representative of the ‘Bunter’ attains, according to Sir A. 
Ramsay, a thicknoss of 1,500 feet in the counties last mentioned. 
Besides red and grevn shales and red sandstones, it comprises 
much soft white quartzose sandstone, in which the tranks of 
silicitied trees have been met with at Allesley Hill, near’ i 

Several of them were a foot and a-) 
in diameter, and some yards in length, 
ocidedly of coniferous wood, nud 
showing rings of annual growth. Tm 
pressions, also, of the footsteps of 
animals have been detected in’ Lanai 
abiro and Choshire in this formation, 
Some of the most remarkable ocour 
a few miles from Liverpool, im the 
whitih quartzose sandstone of Stortes 
Hill, on the Cheshire side of the 
SinglofootstepitCaieterive, Moraey. They bear a close resém~ 
Oaiitt iutiedaes, lance to tracks first obacrved in this 
member of the Upper New Red Band 
stone, at the village of Heasebery, near 
Saxony. For many years these ioe have pce 


ISPs = Bal 


Line of foctatera on sabof mandstone, HOtburghsuser, be Saxeny, 


to a large unknown 

therium by. Profossor ieee ee Bookuss the Laghonertin both nee 
fore and hind feet resembled impressions made by a foe 
hand (sce fig. 396). The footmarks at Hessebery 

concave, and partly in roliof, the former, or the 

are scen upon the upper furface ‘of the sundatons sai 
but those in relief sro only mpon the lowar surfaces, bsp 3 
fact natural easts, formed in tho subjacent footprints as 
moulds. The larger impressions, which wou tobe ta he 


A Quart. Journ, Geol Sos vol 4805 and 
Backlahd, Prec. Geol. Soe. vel. Ser. vol. ¥. pi. 147. 
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Tt ia a gonaral fact, and ono not yat socounted for, that: 
scarcely any fossil remains are ever preserved in stratified rocke 
in which this oxide of iron abounds; and when we find fossils 
in the New or Old Red Sandstone in England, it isin the gray, 
and usually calcareous beds that they occur, ‘Tho saline or 
wypsoous interstratified beds may have been produced by sub- 
marine gaseous emanations, or hot mineral springs which often 
continue to flow in the same spots for ages. Beds of rock salt- 
are, however, more generally attributed to the evaporation of 
lakes or lagoons communicating at intervals with the ocean. 
Sir A. Ramsay has remarked in regard to the Trias that it was 
prokably « Continental Period with many inland lakes and seas, 
the Keuper marl of the British Isles having bewa deposited im 
a grat lake, frosh or brackish, at tho beginning and afterwants 
rondered salt by evaporation. ‘Were the rainfall,’ he observes, 
‘of the area drained by the Jordan to increase gradually, the 
kasin of the Dead Sea would by degrees fill with water, and 


salts had previously been deposited. examples of 
this kind a aveden in the New Red Marl of England, in Semer- 
sot, Gloucester, Hereford, and Leicester.“ Bir A, 
soggonts that the red peroxide of iron of the «nds and clays 
may in itself be an indication of lacustrine conditions, for each 
grain of sand and mud is encrusted with a thin pellicle of per- 
oxide of iron, which he thinks could not have taken place in = 
wide and deop sea. Nevertheloss, somo of the sands aro wind- 
borne, as proved by Mr. J, Arthur Philipps, F.R.S. 

Major Harris, in his ‘Highlands of Ethiopia,’ describes 
salt lake called the Bahr Assal, near the i 
which once formed tho prolongation of the Gulf of Tadjars, 
but was afterwards cut off from the gulf hy a broad bar a 
«Fed by no rivers, and exposed in s burning olimate to the 
uninitigated rays of the sun, it has shrunk into an elliptical 
Vasin seven miles in ita tranaverse axis, half filed with ston 


* Quast, Journ, Geol, Soc. 1871, 187, p 201, 
vol Evil 106. ‘Milter, 
Contemporary Review, July of Engi, 1847, ppv 
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The Rann of Cutch, as I have shown elsewhere,” is a low 
region near the delta of the Indus, equal in extent to about » 
of Ireland, which is neither land nor sea, being dry 
during part of every yoar, snd coverud by salt water daring the 
monsoons. Hore and there its surfaco is encrusted over with a 
layer of salt caused by the evaporation of sea water. A sub- 
siding moremont has been witnessed in this country during 
vo that a great thickness of pure salt might result 

from a continuation of such sinking. 


NOMENCLATURE OF THIAS. 


Precd Engtleh 
aes and grey’ sali- 
ferous and gyp- 
avous shales and 
sandstone, with 
rock salt. 
Dolomitie conglo- 
merate, 
{Muscholkalk, ou cal-|Wanting in Eng- 
* | aire coquillier . | land. 
Red sandstone and 


Maschelkalk 
Bunter-Sandetwin, Gris Vigarné - 


Trias of Germany.—In Germany, as before noticed (p. 328), 
the Trias frat received ita name axa Triplo Group, conxinting of 
two sandatones with an intermediate marine calcareous forma- 
tion, which last is wanting in England. 

‘German Trias.—The succession of strata in the great German 
‘Trisssio basin ia—Upper Trias or Keupor, with rod marls, plant 

and rock-salt, overlying the Letten Kohle, with 
minute, the Labyrinthodont Mastedontowwrves, 
fish. Then comes the Muschelkalk, with 


Banter, with md and green marls and coarse sand- 
with Volteia, Estheria, and Myophoria, 
planta of the Trias belong partly to Coniferm, the genus 
with its cypress-like twigs, being characteristic, The 


isalso represented. Ferns were numerous: genera, 
Oylopteria, Anomopteris, Acrostichites, Clathropteris, 
9 Piieciptes of Geology, chap. scevit. 
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Sagenopteris, Twniopteris, &e, Cycads, 
Peendosamites, Podesxmites, and Otovamites i pe 
vailed extensively, and have given the term ‘Age of Cycuda’ to 


the Trin, A true Kquisetum exists, and an ally, the genus 
Schisonewra, 

Alpine Trias.—The Trias is grandly developed in the 
Eastern Alps. Including the Rhwtic beds, the following is the 
auccesion of the groat groups of strata, 

‘The Rhitic group, consisting of marine limestones, dol> 
mites, and rarely, shales : 1, Kussen beds and Azaroila beds, 
with corals, Brachiopoda, and Lamelibrenehiate, such ae Ger 
vila, 2, Dachstein Hmestone, with ie ef of Megaloden 
or the Dachstein bivalve, numerous corals, and Brachiopada. 
3 Dolomites. A pale woll-bedded finely crystalline rock, 
uaually without fossils. 

Upper Trias: 1. Cardita beds and Raibl beds, shales, maris 
with planta, Onestacet, Cephalopoda, and fish. 2 Halletadt 
limestone and Esino beds, red and mottled marbles and time- 
stonos, with many Cophalopoda and large Gasteropoda. ‘The 


sins, 3, Luns beds, containing coal plants, and forming the 
only freshwater group. 4. Zlambach ooral aie 5, St. Cn 
sian beds—calcareous marl of South Tyrol, with Ammonites, 
Gusteropoda, Lamellibranchiata, Brachiopoda, Ownoiden, BeNinise 
det, and Corals, 6. Halobia Lommelii beds. ‘Then comes the 
Lower Trin: 7. Alpine Muschelkalk, limestones, and dolomite, 
with lower strata containing Corutifes. 





en, ere) HALLSTADT AND ST. CASSIAN. 


plants, reptilis, and very few marine organisms, nocumulatod 
whilst the Triassic ses of the Alpine region was depositing 
‘thick marins Imestones, of which those of Hallstadt, north of 
the Alps, are the types, Huge Ammonites characterise theoe 





‘Map showing the position of St, Casmlan ant Hallitedt areas. 


aa On tho south of the Tyrol the St, Cassian beds 
were forming a little earlier, and the fauna was rich in the 
extreme. The following are characteristic gener—Seclioatome 
(Gz, 401), Prstntona a, 402), and Koninckia (fg. 408). 
Ammonites and Orthocerutites occur in the St. Cassian and 
Hiaiistadt beds. As the Orthocerata, which are common in some 
Fig. «01. Pig. 403. 


és ® 


‘Aeolionwent, Bt, Ceasinn, 


palwomsio reeks, had never beon met with in eta Muschelkalk of 
the Lower ‘Trias, much surprise was felt that seven or cight 
c ‘of the gonss should appear in the Halletadt beds of the 
‘Trias, Some are of largo dimensions, and are associated 
large Ammonites with folinted lobes, » form never seen 
meee ores ths Bwcexic series, Corithium, so abundant 
dus tertiary strata, and which still oxiets, is repreeented by no less 
than fourteen species. 


—— 
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A tich fauna, comprising 225 species, of which about ome 
fourth are identical with those of St, Cassian, has been brought 
to light at D’Esino, in Lombardy, and has been admirably illns- 
trated by Professor Stoppani,! He doscribes 66 species of the 
genus of spiral univalve Chemnitsia, reminding us, by its aben- 


Koninedia Leonhardt, Wiemann. 


vw Vontral view, Part of vonteal valve remored to show the recor fn 
prosalns of dorsal valro. 


ma Intertor of dorsal valra, Ca 
Vertis! section of bot ot, Tar lade sing lan ec 
piel ty the soi, Wl'the ned Talve following ie aurye 


dance of the Cerithia of the Paris basin, while the enormous 
aize of some specimens would almoat bear comparison with the 
Cerithium gigantewm of that Eocene formation. 

On the whole, the rich marine fauna of Hallstadt and St, 
‘Casian of the Upper Trias or Keuper, leads us to suspect that 
whon the strata of the Trinssic age aro better known, especially 


Fag. 400. 


those belonging to the period of the Bunter Sandstone, the 
break between the Palwozoie and Mesozoic Periods may be 
much diminished, 

Mruschelkatk.—[t consists emt of & compact greyish 
limestone, but includes beds of dolomite in many plscon, to- 
gether with gypsum and rock saltand clays, This limestome— 


* Stoprani, Les Péteifactions d’Rsino, Milan, 18661800. 





on, xt] THE MUSCHELKALK. 339 


@ formation, pertays, wholly unrepresented in England— 
abounils in fossil shells, as the name implies, Among the 


Fig. 40%. 


Arpodwon lortonte, Aganss 
o Upper eile. Lower stdin, 
Muncteikall, 


Cephalopoda there are no Belemnites, and no Ammonites with 
completely foliated sutures, a8 in the Lias and Oolite and tho 
Hiallstadt beds; but the genus 
Copatites, Do Haan, is present, in 
which the lobes of the sutures seen 
om the shell are denticulated or 
eromulated whilst the ‘ sddles’ are 
simply rounded. Among the bi- 
yalye crustacus, the Hatheria mi- 
wate, Broun (fig. 991), ie abundant, 
ringing through the Keuper and 
Maschelkalk ; and Gerviltia wewslia 
(te. 405), having a similar range, 
is found in great numbers in the 


Padstad tooth of Mocadtes pips, 
Mumchetiaik, 


stems of Lily encrinites, Bncrinus liliiformis (fig. 400), shows 
the slow manner in which somo beds of thin limestone have 
“2 





THE GERMAN BUNTER, Com, xen. 


boen formed in clear sea water. Tho star-fish called A. 
lorieata (fig. 407) ix ae yet peculiar to the Maseh In 
the same formation are found the skull and teeth of the genus 
Placodua (seo fig. 408). Perfect specimens enabled Profesor 
Owen, in 1858, to show that this fossil was a Saurisn, which 
probably fed on shell-bearing molluses, and used ite short and 
flat teeth, so thickly coated with enamel, for pounding and 
crushing the shells, 

Bantor-sandstetn,— Tho Buntor-xandstein consists of various 
coloured sandatones, dolomites, and rod clays, with some beds, 
especially in the Hartz, of calosreous pisolite or roo-stone, the 
whole sometimes attaining a thickness of more than 1,000 feet. 
The sandstone of the Vosgos is proved, by its fooails, to! 
to this lowest member of the Triassic group. At Sulzbad (or 
Saultz-lea-Bains), near Strasburg, on the flanks of the Voages, 
many plants have been obtained from the * Bunter,” especially 
conifers of the extinct genus Folfsia, of which the fruatification 
has been preserved. (See fig, 390.) Out of species of 
ferna, cycads, conifers, and other plants, en ted by M. Ad. 
Brongn in 1849, as coming from the ‘Gris Bigarré,” or 
Bunter, net one is common to the Keuper, 

The footprinta of Labyrinthodon observed in the clays of thix 
formation at Hildburghausen, in Saxony, havo already been 
mentioned, Some idea of the variety and importance of the 
terrestrial vertebrate fauna of the three mombors of the ‘Trias in 


‘the valley of the Connecticut river offers a type. Ina depression 
of the granitic or hypogene rocks in the States of Massachs- 
setts and Connecticut, strata of red sandstone, sliale, and cot 
occupying an ares more than 
to sonth, and about 5 to 10 mi 
beds dipping to tho eastward at angles varying 
Having examined this series of 
T feel satisfied that they were formed, 


beds. were from time to time raised above the Je 
water, and Inid dry, while a newer series, 
sediment, was forming. 
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‘The fossil fish are Ganoids, some of them of the genus Catop- 
terus, others belonging to the liaasic genus Tetragonoleyts (Atel 
modvs) (see fig, S77, p. $18). Amongst the eee tro 

we. 410, of Entowmostrace 


of the last-named continent in the thickness of the conl-seams 
‘One of these, the main seam, ix in some places from 30 to 40 
foot thick, and is composed of bituminous coal. 

‘The Dromatherium, just alluded to, is at least a8 ancient as 
the Microleston of the Europoan Rhwtic, described p. 327 ; and 
tho fact is highly important, aa proving that a certain low grade 
of marsupials bad not only a wide range, in time, from the Trias 
to the Purbeck of Europe, but had also a wide range in space, 
namely, from Europe to North America, in an east and west 
direction, and, in regard to latitude, from Stoneatiekl, in 52° 
N., to that of North Carolina, in 35° N, 

7 the three localities in Europe where the most ancient 
mammalian have been found—Purbeck, Stonesfield, and Stute 
gart—had belonged all of them to formations of the same age 
we might well have imagined so limited an arva to have bees 
peopled exclusively with ern quadrupeds, just as Anstralia® 
now is, while other parts of the globe by ple 


predominance lapse (from 
af the Upper ria to tat ofthe Purbeck beds) of a low grade 
of Mammalia ; and there must also have been o vast extension 
in geographical area of tho marsupials during that portion of 


+ Australia now 
hondred and 
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the Socendary or Mesorcic epoch which haa boon tormed ‘the 
nance in earlier ages of these 


vestigations have yet gone, of species of higher organisation, 
whether aquatic or terrestrial, is certainly in favour of the 
theory of progressive development, 

‘Frias of India.—There is a marine Trina in the Himalaya 
and in Baluchistan with Muschelkalk and St. Cassian species 
nit. Bat the great development isin the peninsula, where the 
‘terrestrial remains of the period, form vast ooal-beds and shales 
and clays with plants and animals. Some of the lower beds 

belong to the Permian age. In Australia, in New South 

Vietoria, and Queensland, are important ‘Triassic ccal- 
strata. 


Among the genera of plants common to this age in Hindo- 
stan and Australia were (ycloptenis, Glossopteris, Tarniopteris, 
Schizoneura, Sphenopteris, Zamites, Palececcmia, 

<4 eer ee fact thut, although the base of the 
“Triassic reeks is not alwayn readily separnblo from the Palso- 
wie formation beneath, there is a vast palwontological break 


‘between them. 

_ ‘The Mesozoic age commenced when the first deposits of the 
PMRSccectcd and many Yuntceds of epeclos cocamon'in 
‘the lower rocks ceanod to exist, whilst a great marine fauna soon 

‘and of an almost totally different kind to that which 

exitted. Tho plants of the Mosozoic age were 

in the Pabeozoie, and some genera persisted into 

oo betel dae to exit. Some of the lower 
forms of invertebrate life 


espe the grest change in 
rabrelene Ear ecnenencad af Ais 


1) SE ne heat gent Catlett 
“Nautiles and Ortheceratites lived on os genera, and 
ites commenced (possibly earlier in Indin), A great 

tn the Mollusca and Crustacea. The Laby 
and many genera of Ganoid fish. But 
genera which passed from the Pulwozoic te the 





PERMIAN FORMATION. 


PRIMARY OR PALAOZOIC SERIES. 


CHAPTER XXII. 
TEMMIAN OB MAGNESLAN LIMESTONE GROUP, 


Line of separation between Mesoznic and. Palwcanic rocks—Distinetimes «f 
‘Triassic and Permian groupe—Term Pormiau—Thickness of caloareom 
and sedimentary rocks in North of England—Upper, Middle, aut Lower 
Permaian—Marine shells and corals of the English Magnesin Limestome 
Reptiles and fish of Permian marl sinte—Puotprinks of reptilee—AR- 
gular brecelas in Lower Permian—Pormian rocks of the Ceatinest— 


Zechstein and Kothliegendes of Thuringia—Permian of Rama -Permion 
oca—Ies affinity with the Carboniferou»—The Permo-Cerbonitervas of 
Pileets. 


Is pursuing our examination of the strata, in descending onde 
wo have noxt to pass from the base of the Secondary or Mos 
wic to the uppermost or newest of the Primary or Palaoavie 
formations. As this point has been selected as a line of demar 
cation for one of the three great divisions of the fosailiferpm 
scrica, tho student might naturally expoot that by aid of Litho 
logical and palwontological characters, he would be able ton 
cognine a distinct break between the newer and older group, 
without difficulty. The distinctions between the Trias and the 
aeeuak Permisa are yory ovidlent in some Continental local 

tion, yet, owing to the sameness of mineral constitution and tbe 
rarity of fossils, the break is not very apparent in Bngisnd. 
But it has at length been made clear that the older or Permian 
rocks are more connected with the Primary or * Palas 
with the Secondary or Mesoaoio strata already described. 

‘The term Permian was proposed for this group. by Bit Re 
Murchison, from Perm, » Russian province, where it oceapies 
an area twice tho size of France and contains a great abundances 
‘and varicty of foosils both vertebrate and invertebrate. Tn 
Germany the term Dyas has been used on account of the tro 
great divisions of the formation which are found there, — 
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‘in 1882" described what is now recognised as the 
is group, the Magnesian Limestone, showing 
thicknoss of 600 feet along the north-east of 
counties of Durham, Yorkshire, and Notting~ 
wmett often passing into a fossiliferous marl- 
(aby inferior Red Sandatone, the equivalent 


others, that it 

largely developed, as for example in the county ef Durham, that 

the axsociated red sandstones or sedimentary rocks are thinnest, 

whervas in the country where the latter are thickest the calca- 

reous motnber is roduced to 30 or even sometimes to 10 feet. 
‘Mr. Hull gives the following depths :—~ 


“THICKNESS OF PERMIAN STRATA IN NORTH OF ENOLAND, 
NW. of England, 5.2. of Rogtand. 
‘Upper Permian (Red sandstones and 


esas _ 000 50-100 
Middle (Magnesian limestone) 10-30 000 
Lower j, (Red and variegated 
fe). 3,000 100-9507 


yf Permian.—Whiat is called in this table, the Upper 
in 


with fossil 
‘Red Sandstones, resembling the Upper one in such a 
Fear ei dim tia Upper although they hae 
fou pper, ugh they hare 
the Lower Sandstone. 


Forminn—Magnesian Limestone and Marl-slate, 
Feeney aeretees pon the oe York- 


‘Schicodus Schlotheimi (Gg. 41) aan ites septifer: 
and 2 
‘These shells occur at Hartlepool and 8 2 eentartants 
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it contains as much as 44 per cent. of carbonate of magnesia, 
mixed with carbonate of lime. In other places—for it is 
extremoly variable in structure—it consists chiefly of carbonate 
of lime, and has concroted into globular and hemispherical 


Fig.l, Pig. 41a. Wig 4 


BcAtzedne SoAtotheiond, Gednite, f. Tho hinge of Shreve 
Permian eryetalline fewnovtar, King. 
Haseatone. Vorméan. 


amasses, varying from the size of a marble to that of a eannon- 
ball, and radiating from the centre. Occasionally earthy and 
pulverulont beds pasa into compact limestone or hurd granular 
dolomite. Sometimes the limestone appears in a breceiated 
form, the fragments which are united together not consisting of 
foreign rocks, but seemingly composed of the breaking-up of the 


n> Penge eattormin etioth a. ant. 

ere 
a Bure ortho oxime Mighty magelod. 

Mageedan Limestone, Humbleton Hill, near Sunderiundt 


Permian limestone itself, about the time of its consolidation. 
Some of th angular masses in Tynemouth Cliffare 2 feet & 
diameter. 

‘The magnosian limestone sometimes becomes fossiliferous 
and includes in it delicate Bryozoa, one of which, Fenestella reli 
formis (fig. 414), ix n very variable species, and hax received 
many different names, It sometimes attains a lenge size, alughe 


King’s Monograph, Pal. Soe, Lond. Pl. 2 
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jaar chet in the Marl-slate or Copper-alate of 
hi 

‘The Paleoniseus above mentioned belongs to that division of 
fahos which M. Agasnis has called ‘Hotorccercal,’ whick usally 
have their tails unequally bilobate, like the recent Shark and 
Sturgeon, and the vertebral column running along the epper 


Wig. 418, 


‘Restoret outline of  flah of the germs MeoomGeas, Agnes, 


caudal lobe. (See fig. 418.) The ‘Homocercal’ fish, which 
comprise almost all tho vast number of speciés at present knows: 
living, have the tail-fin oither single or equally divided ; axl 
the vertebral column stops short, and is not prolonged into 
either lobe. (See fig. 420.) Now it is a singular fact, first 


‘Pig. 419. Pig. oo. 


i ee 


a. a ee 


pointed out by Agassiz, that the heterocereal form, which 
confined to a amall number of existing genera, is universal & 
tho Magnosinn Limestone and all the more anciont formations 
It charactorises the earlier periods af the earth's history, wheruss 
in the secondary strata, or those newer than the Permian, the 
homocercal tail greatly predominates, 

In Profeseor King’s monograph before refcered to, a full de 
scription haa been given by Sir Philip Egerton of the species of fish 
characteristic of the marl-slate ; and figures of the i i 
which are very entire and well preserred, will be 
same memoir, Even a single scale is usually 90 charscterist= 


cally marked as to indicate the genus, and wametimes , 
particular species. Eager perio HE > 
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singly, and may be useful to the geologist, in determining the 
Of the rock. 


a OF FIKH. MAGNEAIAN LOLEeTONT, 
Wig, 432, Wig. 4 


WLS 


MEL. Palemonitews comp, 
Tig ath. Futupocns tens lg, ‘Dover nurture ‘ot poosht cain manga, 


Martaaie, 

FIG 422, Delrenteces glaplyres, Ag. Uniler eurfnce of ganeld geale, magnitiod. 

Tig 2 Chacmnthar grenateras, Ag, Grenniated eartsce of wale, magnitiod, 
Mareaiase. | 


Pig. 428, Pin 436, 


unit ue snag. 
Marl alste. 


‘Two species of Protoroourus, genus of reptiles, have been 
Rial age the marl-slate, one representative of which, P, 
., ‘haa been celebrated evor since the your 1810 as charno- 


ham fowsils with Hermann yon Meyer's figure of the German 
apse is mont striking. Although the head is wanting fn all 
the examples nape found, they clearly belong to the Lacertian 
order. Remains of « Labyrinthodont, Lepidotosoures Dufh,* 
Ree acaat-with tothe eane slate nesc Durhact and a 
dn the Permian sandstone of Kenilworth has yleldod 

fhe skull. of uncther spocics, called by Professor Huxley L. 
Daxyceps, on account of the roughness of the surface of the 


Bower Permian.—The principal development of Lower 
De cewetare won by Mr. Hull's tablo (p. 345), in. the 
north-west, where the Penrith sandstone, as it has been called, 


~ © Hanécek and Howes, Quart. Geol, Journ, vol. xxvi. pl. xxviii, 





PERMIAN BRECCLA. Tom, xx 


and the associated breccias and purple shades are estimated 
‘Professor Harkness to attain a thickness of 3,000 feet, 

romains are geuerally wanting, fool-prints and worm-troks ane 
occasionally met with, and tho leaves, cones, and wood of 
coniferous plants have been found in beds considered by Pro- 
feasor Harkness to be the equivalent of the Marl-slate which 
overlies the Penrith sands at Hilton, Also in the red 


Angular Breccias in Inner Permian, —A striking 
those beds is the occasional occurrence, expecially at the Sea 
the formation, of angalar and sometimes fragments of 
Carboniferous and older rocks of the adjoining districta. Thow 
are included ina red mateix, Some of the angular masses are 
of huge size. These breceinted conglomerates are well seen Jn 
the Abberley Hills, whore they are 400 feet thick. 

Sir A. Ramsay refers the angular form and large sise of the 
rags Epmnrouing riese Uoosiay 6 Chea aes es ice 
in the sea. These masses of angular rock, some of them 


ing more than halfa ton, and lying confusedly in a red tmstrati- 
fied marl, like stones in bouldor drift, are in some cases px 
striated, and furrowed like erratic blocks in the al 
glacier, ‘They can be shown, insome instances, to have travelled 
from the paront rocks, thirty or more miles distant, and yet not 
to have lost their angular shape, 

Germany.—The Permian is well seen on the flank of the 


First—a Zechstein group on the top, with a clayey, thin-bedded 
limestone, having beds of gypsum, rock-salt, and bituminous 
shales and limestones above, and Ki 


Mansfeld district. The j 
ae cs ste ee are oa apes Sere 
to different spocies, 


"Tho Zechstein group is fomlifervus, 
berios contains numerous fish and 2S 
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todtliegende refers to the rocks being red, and dead as regards 
copper yielding. 


Witches iu, Sebo. Bermisa, S4xour, (Gutbler, Die Vertelneransen 
Suchen, Wel, il size, 
& Braneh. tg ofthe seam. € Lead coment. 

Ts Rosia the nearly horizontal strata of the Permian, cover 
‘vast areas, and consist of sandstones, marls, shales, and thin 
reams of coal, conglomerates, limestones, 
and rock-salt and gypsum beds, In the Tia, 429. 

half of tho strata Calamites, Cyclo 
pleris, anid Peoopteris appear. Palecowisrus 
‘snd Labyrinthodonts have been found, and 
the marine beds contain Productus horridus 
and Productis canerini. 

Pormian Flora.—About 18 or 20 spe 


este Gatton 
Tomi, Meroe. 
‘and of MM. Geinitz and Vou Gatbier in Saxcny, to be 
distinot from that of the Coal, 50 species being 
© Murchison's Rowia, vol. iL pl. A, thy: 5. 


Norpgerathts cametfolbs, 
rvagalart” 
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common to both formations. But the Permian flora is eharac- 
terised by the genus Callipteris, which is not Carboniferous, 
and by a profusion of tree-ferns of the genus Parronins, of 
Equisctites, and by abundance of Walehie (8g, 427). 

In the Permian rocks of Saxony no leas than 60 species of 
fossil plants have been mot with, Two or three of these, as 
Calamites gigas, Sphenopteris eroa, and 8. lobata, nro also met 
with in the Government of Perm, in Russia, Seven others, 
and among thom Neuropteris Loshii, Pecopterie arborescens, anal 
P. similis, and several species of Walehia (seo fig. 427), pigs | 
of Conifers called Lycopodites by some authars, 

Geinitz to be common to the coal-measures, 

Aunong the Permian genora, are tho fruit called Cardtoearpon 
{seo fig, 428), Avterophyllites, and Annularia, so characteristic of 
the Carboniferous pericd ; also Lepidodendron and Calamites ; 
also. Noeggerathia (fig. 420), the leaves of which have parallel 
veins without a mid-rib, and to which various generic synonyms, 
such ax Cordiates, Flatellaria, and Poacites, have been given, 
is another link between the Permian and Carboniferous vegeta- 
tion, Conifene, of the Araucarian division, alao oceur; but 
these are likewise met with both in older and newer rocks. 
‘The plants called Sigillaria and Stigmaria, so marked a feature 
in the Carboniferous period, are as yet wanting in the true 
Permian. 

Among theromarkable fossils of the Rothliegendes, or lowest 
part of the Permian in Saxony and Bohomia, aro the silicified 
trunks of troe-ferns called generically Psaronina. ‘Their bark 
‘was surrounded by a dense mass of air-roota, which often con- 
atituted a great addition to the original stom, #0 as to double or 
quadruple itsdiameter. The same remark holds good im regard 
to certain living extra-tropical arborescent ferns, particularly 
those of New Zealand, 

Thus we see that while, upon the whole, the plants of the 
Marl-slate or Middle Permian, differ from these of the Goal 
Period, the plants of the Rothliogendeof Germany which belong 
to the Ae agape to show a very close generic affinity 
with Carboniferous forms. 

In the tesins of Pilaen and Rakowits in Bohemia, the flor 
of the strata is Carboniferous, but the fauna is 
that of the Permian series, Those strata, which are called 
Permo-carb,, have yielded 43 species of Amphibians, | 
the gills still visible, Corresponding strata at — 
have pean additional kinds of Amphibia'to 
Gaulry, 


"The Permian formation ix ay oa on 
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Ba ents Abate Oy pac barecsamnnices of tho Apne, 

Inchian coal-fields belong to it, on account af the existence of 
Sr are ane the comparaiire ateencs 
of the trae Carboniferous flora. 


CHAPTER XXIV. 
‘THE CARDONIVEROUR FORMATION. 


of the carboniferous formation—Coal-mearures grith, 
limestones, and shales—The divisions in Somerset and South Wales, in 
‘the North of England nnd Scotland and [reland—Deposition of the forma 
Hloe—Crust movements st the close nnd after the Permian—Coal basins 
Coalfields nnd Sesssars— Coal fat os land —Ceal trwe Gana 
‘coal Water-borne—Nova Soutia conl-measures exemplifying the dewelop- 
Hest of the Sivibow—Veguatio of eon! period —Farso—Lyeopatineu— 
Stigmaria—Coniferm— 


with sandstones, shales, and limestones, The coal 
a sa eset hace i Hert eben ee 
‘but an insignificant portion of the whole group. Thus 
rt of the Carboniferous formation, the true ‘Coal-moa- 
ures,’ i: South Wales, which attain the thickness of from 2,500 
IO tape ths nguregeta Uiakuoas of Cho various coal sears 
18) feet. But although the Carboniferous formation 

Ss of several divisions, coal and coal plants ary found in 
a this gives n solidity to the concoption of the nature 
ic 


Carboniferous formation assumes various charwters in 
of England, Wales, and Scotland, and usually 
tr and marine deposits. ‘Tho uppermost strata 

res, the next below are sedimentary marine 
grits, and these rest on marine limestones and 
the Mountain or Carboniferous Limestone 
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The Millstone grita were the wenr and tear of arenaceous 
rocks und granites, and the mountain limestones and shales 
‘deneath, were marine deposits composed of the remains of 
Foruminifera, Testacen, Crinoides, Corals, &e. 

Tn the south-western part of England, in Somersetshire and 
South Wales, the three divisions of the Carboniferous formation 
are— 


Upper veries of sandstones, shales, 


1. Coal measares 
2. Millatono git 


A 
4, Carboniferous or Mountain: | 
Amestove . 


‘These divisions are indicated upon the diagram, 
but the position of the Lower limestone shale is at 
the limestone, 

General Notice of the Divisions.—The coal-measures of 
the North of England differ, to a certain extent, from those of 
the soutlenest 5 buts typical ace would inca te following 
strata. Top. 1. Red and grey sandstones, clays, and somotizmes 
breecias, with occasional coal-seams and streaks of coal and 
Spirorbis limestone with Cythere iyflata, 2. Middle 
sandstones, clay’, and shales, with numerous workable cial 
soama rosting on fire-clays : fossils, Lithracosia, Anthraconmiet, 


perp eit apsy een trae 
Manchester they are important and coal bearing At 
on the other hand, the beds are absent. 

The Millstone grit, well socn in South Wales, is 


‘of Palwozcic rocks oxists i's geecue oF Loe anced 
the surface, on which little or usually no marine 
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This important limestone, well seen in Derbyshire, South 
Wales, and Somerget, is massive, well bedded and light-bluciah, 
grey, reddish or black in colour, and it may be homogeneous or 
crystalline here and there. The limestones are thickest where 
the grite ahora, are thinnest, and have auffared much denudation 
where they are at the surface, The fossils contained are very 
numerous, and in some places Bnerinites compose much of the the 
rook, whilst Foraminifera aro equally ubundant elsewhere, ‘The 
palwontology will be noticed further on, ‘The base of this im~ 
portant set of strata varies much, In South Wales and Somer~ 
setahire, the base merges into a shale—Lower Limestone shale— 
and this into bottom beds of yellow and green sandstones and 
warls with plant remains, and a bone bed with Placoid fish 
remains. This rests on Old Red Sandstone, In some parte 
of Yorkshire, there are alternations of sanda and ¢lays at the base, 
with plantremains, and in the west of the county conglomerates 
form the base, and rest upon Silurian rocks, the Old Red Sand- 
atone of the south-wort not being present. 

Elsewhere the base of tho Limestone has either not been seen, 
or it reats on very old reeks without the intervention of a shale. 

In central England, where the other sedimentary beds are 
reduced to about 3,000 foct, the Carboniferous Limestone attains 
an enormous thickness, and according to Mr. Hull's estimate, a» 
much as 4,000 feet at Ashbourne, near Derby. To a certain 
extent, therefore, we may consider the calcareous member of 
the formation aa having originated simultaneously with the ac 
enmulation of the mnterinls of qrit, sandstone, and shake, with 
seams of coal; just as strata composed of mud, sand, and 
pebbles, several thousand feet thick, with layers of 
matter, are now in the process of formation in the 
swamps and delta of the Mississippi, while coral resi are 
simultaneously forming on the coast of Florida, and in the sea 
of the Bermuda Islands. For we may safely conclude that in 
the ancient Carboniferous ocean those marine animals whieh 
scoreted limo wore novor freely developed in aress where the 
rivers poured in fresh water charged with sand or clay ; and the 
limestone could only become s#veral thousand feet thick over 
parts of the ocean bed which was being slowly depressed, the 
wuter remaining porfectly clear for ages. 

‘The Carbemiferoua Limestone, with ita associated Yoredale 
serios, diminishes in thickness northwards, 1 ieee 
markable changos in ita lithology and forsils in nd. 
fessor A. Geikiv notices that the massive limestones. 
down snd are replaced by thick. ours of Meare 
sandstone, dark shale, and seams of coal and ironstone, Litme- 
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stone beds are met with in thin sheets only. The whole for- 
mation Is divided into the Carboniferous Eimestone and the 
underlying Caleiferous sandstones. These last-mentioned atrata 
are, at the bottom, red and yellow sandstones with many- 
coloured marls, which pass insonsibly into the Old Red Sand- 
stone beneath. They are very unfossiliferous, but Sphenopteris 
aaffinis is common. Abore the red sandstones is the Cement 
re of different coloured sandstones, shales, oil fe 
Timestones. In the West of Scotland these 
EAs poor te fete In the area of the Firth of Forth the 
Cement group contains ironstones, seams of coal, oil shales, and 
sandstones ; ari these Inst contribute to the building materials 
gf Edinburgh. ‘The oll shales yield petroleum on distillation. 
the limestones of the group are the Burdio House 
limestones, composed of the tests of an Ostracod Crustacean, 
~ oe dara containing fish, of which Megalichthys is 


"Eel ot dn lie th Hon a laworked 
ahire, Sphenopteris, Lepidostrobus, Avaucariarylon, 
Cp wastiabad found, and Pothocites also, 


‘Carboniferous limestone group of Scotland probably 
‘the upper part of the English limestone in ago, and 
Sinalste of few searns of Encrinital limeatone, shales, 
and seams of cal, The thickest of the limestones, the Hurlet, 
iw in places 100 feet thick ; it overlies a scam of coal and pyri- 
tous shales, and above it are other important coal-seams ani 
fronstones. Thiae last contain marine fossils, and the coala havo 
plants ard fish remains and those of Labyrinthodontia. Some 
eee ns rey persia ‘over great areas. 
_ In Treland the Carboniferous rocks of the North have their 
‘Tower nories like tho Scottish calciferous aandatones But in the 
swuthorn districts there is a deop group of black and dark-grey 
ahales, impnro limestones, and grey and green grits with 
whieh overlies the Old Red Sandstone, and is beneath 
the base of the Carboniferous limestone. This group is the Car- 
dlste. Its age is a question of dispute, and it may 
‘of the Lower limestone shale of the 
Bouth-weat of or be part of the Devonian formation. 
‘The Carboniferous limestone covers a large part of Ireland, and 
‘it wplita up into sandstones towards the north. 
‘Deposition of the Carboniferous formation.—It has heen 
suserstioned (p. 855) that Conl-tacasures rest upon Sdlurian and old 
parte of the central barrier, This was the land of 
fa the first instance. The nea broached im upon the OM 
Take area, north of the Bristel Channel, and to 
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the north of the central barrier also, and the shales and sand- 
atones of the lowest marine deposits accumulated, Farther 
north there was a land vegetation, at times, during this age. 

Sinking of the greater part of the area continued, probably 
along lines of fault, anda considernble depth of limestone was 
formed, and as time elapsed this became an aronaczous deposit. 
in Yorkshire and northwards. Here and there were land sur 
faces, and coal-plants accumulated and formed coal. In Seot- 
land tha depression persisted, but silting up of the soa-floor and 
voleanic disturbance and ejections, enabled the terrestrial sur 
faces to be formed over and over again. Then aime a long 
period of wearand tear of land, mostly situated in the morth- 
wost, and the age of tho Millstono Grit set in. Even during 
its time there were a few land surfaces which produced coal. 
Subsequently the dopresaion still continued and the deep Coal- 
measures accumulated, 

‘The amount of volcanic onorgy displayed, was grent at certain 
epochs of the Carboniferous age, and it will be noticed further 
on. 

Enormous curving and dislocation of the Carboniferous rocks 
ccourred, and great denudation of their exposed surfaces. 
Thousands of foot of coal-measures were worn off before the 
deposition of the Permian rocks and subsequently. It would 
appear that after the deposition of the Coal-measures, a thrust 
acted from north to south and south to north, forming great 
curvatures of the strata, the long axos boing oast and weet. 
Denudation occurred, and the Permian deposits accumulated. 
‘Then curving ocourred in tho opposite direction, the axes of the 
curved strata being north and south. Hence more or less basin 
shaped areas wore produced ; and denudation wore off and die 
played the edges of the underlying grits and limestones on the © 
‘edge of the basins. 

‘The torm Coal-field is applied to an ares where coal is visible 
at the surface at its edges or outcrops, or where it is not too 
sontod to be worked. There are atout 20 principal eonl-fields in 
Great Britain, and several smaller ones. Some of these form 
complete basins, entirely circumscribed by the lower members of 
the formation, others have one part of the basin visible, the 
reat being covered up by Permian or other strata, and the west 
ure bounded by faults. 


COAL-MEASURIN, 


Detailed Wotice of the Sudb-divisions.—A nieasury may 
he taken to be a coal-seai with its lus of fireclay and ite noak 
of gravel or sandstone or shale. 





oa, xx] COAI-MEASURES, 
Coal fermed on land.—In South Wales, already 


worn bringing « never-failing supply of muddy sediment and 
sand. The sane area was alternately covered with vast forvsts, 
such as we sor in tho deltas of great rivers in warm climates, 
which are liable to be submerged beneath fresh or salt water, 
should the land sink vertically a few fect. 

Tn one section near Swansea, in South Wales, where the 
total thickness of the Coal-meoasuros is 3,246 feet, we learn from 
Sir H. de la Beche that there are ten principal masses of sand- 
stone. Ono of these is 500 feet thick, and the whole of them 
make together s thickness of 2,125 feet. They are separated by 
mames of shale, varying in thickness from 10 to 50 feet, ‘The 
interealated coal-beds, sixteon in number, aro genorally from 
1 to 5 feet thick, one of thew, which has two or three layers of 
lay interposed, attaining 9 feet. At other points in the same 

predominate over the sandstones, Great an 

diversity in the horizontal extent of individual coal-seams, 

they all presont one charactariatic feature, in having, each of 

‘what is called ita waderclay. Thess anderclays, co-exten- 

with every layor of coal, consist of arenaceous shale, some- 

= ard Decnuse it can be made into bricks which 

‘They vary in thickness from 6 inches to 

thors than 10 fects and, as ir William bpreyacieg eee 

by enclosing # peculiar fossil plant called Stigma- 

vin. It waa nlao observed that, whilo in the overlying shales or 

‘roof’ of the coal, forns and trunks of trees abound, without any 

one and are fattened and compressed, thore singular 

plants of Pmeereiay) pitt commonly retain their natural 

forms, unfiattoned and branching freely, sending out their 

Pete cectlst te ul disertoes, Several species of Stigmaria 

boon known to. botanists, and described by them, 

cere gees: of.ccal ve polled oh 

dr true nature as the roots of trees (somo having 

dug abanpieray to tho base of Sigitloria stumps) 
recognised. 


these underolays are ancient soils, it 
instance where we find them, they attest 
plants which formed the overlying 
trunks, branches, and leaves and 
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them still remain at right angles to the ancient soils (see fi. 
432), 

Profesor Goppert, after examining the fossil planta of 
the ooal-fieldx of Germany, has detected, in beds of pure 
coal, remains of every family of planta hitherto known to 
vceur fossil in the Carboniferous rocks. Many seams, he re- 
marks, are rich in Sigillariee, Lepidodendra, and Stigmari«, 
tho latter in auch abundance aa to appear to form the bulk of 
the coal, In some places, almost all the plants were Calasvites, 
in others ferns,’ 

Between the yeurs 1837 and 1840, six fossil trees were dis- 
covered in the coal-ficld of Lancashire, whero it is intersected 
hy the Bolton Railway. They were all at right angles to the 
plane of the bed, which dips about 15° to the south. The dis- 
tance between the fimt and the last was more than 100 feet, 
and the roots of all, were embedded in » soft angillaceous shale. 
Tn the samo plano with the roots, is a bed of coal, 8 or 10 
inches thick, which has been found to extend across the rail- 
way, or to the distance of at least ten yards. Just above the 
covering of the roots, yet beneath the cosl-sesm, so large = 
quantity of the Lepidostrobus variabilis was discovered enclosed 
in nodules of hard clay, that more than a bushel was collected 
from the small openings around the base of some of the trees, 
The exterior trunk of each was Se friable 
coal, varying from one quarter to three-quarters of an inch 
in thickness; but it crumbled away on removing the matrix. 
‘The dimensions of one of the trees in 154 feet in circumference 
at the base, 74 fect at the top, its height being 11 fect. All 
the trees have large spreading roots, solid and strong, some- 
times branching, and traced to @ distanoe of soveral fect, and 
presumed to extend much farther, 

Tn a colliery near Newcastle @ great number of 
occur in the rock #8 it thoy bad retained tho position in which 
they grew. Not loss than thirty, some of them 4or 5 feet in 
diameter, were visible within an area of 50 yards square, the 
interior being sandstone, and the bark having been converted 
into coal. 


Tt hns becn remarked that if, instead of working in the dark, 
the minor was accustomed to remove the upper covering of reck 
from each scam of coal, and to expose to the daythe soils on which 
ancient forests grew, the evidence of their former method of 
growth would be obvious. Thus in South Staffordshire « seam 
of coal waa Inid bare in tho yoar 1844, in what in called am open 


} Quart, Journ, Geol, Soc. vel. v. Mem. p. 17, 
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work at Parkfield Colliery, near Wolverhampten. In the space 
of about » quurter of an acre the stumpsof no less than seventy- 
three trees with their roots attached appeared, as shown in the 


Pig, 430, 


Govan ving toe pl Fant tir ne eee, 
arinexed plan (fig, 430), some of them more than 8 feet in cir- 
gunferenco. Tho trunks, broken off closo to the root, wore 

ing prostrate in every direction, often crossing each othor. 
One of them measured 15, another 30 feet in length, and others 
less. They were invariably flattened to the thickness of one or 
tyre inches, and converted into coal. Their roots formed part 
of a stratem of coal 10 inches thick, which rested on a layer of 
inches thick, below which was a second forest, resting on 
am of coal, Again, five feet below this was a third 
forest with large atumps of Lepidodendra, Culamites, and other 
trees, In one instance of preserved trees, the direction of the 
“> = lel ade lela the bending of all 
trunks in one direction. 

Whore coal occurs on Gannister—a gritty sundstono—there 
is no underclay, and usually marine remains are found above 
the seant, In this instance, the vegetation did not grow where 
it became mineralized, but was carried by water-power from 
some other locality and deposited. 

Tho nericroun coal-scams occurring one over tho other, in 
a weries of often 10,000 fect of vertical messuroment, indicate 
fiat planta rev on a rapidly subsiding area, into which 

penetrated. 


‘sea occasionally 
Seth giao he et casures la vat in Bercy, but it can 
‘be best apprecisted in the Bay of Fundy, in Nova Seotia, 
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for w natural section, ten miles in length, at South Joggins, in 
cliffs which I first examined in 1842, and afterwards with Dr. 
Dawson in 1845, has lately been admirably described by the 
Inst-mentioned geologist? in detail. And his evidence is meat 
valuable as showing how large a portion of this dense mass was 
formed on land, or in swamps where terrestial vegetation 
flourished, or in freshwater lagoons. His computation of the 
thickness of the whole series of carboniferous atrata ae oxcoed~ 
ing three miles, agrees with the measurement made indepen- 
dontly by Sir William Logan in his survey of this comat. 
Bighty-ono seams of conl, varying in thickness from am inch 
to about five fect, have been dinoovered, aud no less than 
seventy-one of them have been actually exposed in tho sea 


In the annexed section (fig. 431), which 1 examined in 1842, 
Pig, Bt, 
2. Coal with upright trees. Sandstone and shale. 
2 


‘Sertion of the ollffs of the South Jogine, near Minadie, Nora Bootie. 


‘agen tov ftonio ot euion Sinepeé let pega 
fdas on, (shale wit teats Muse 


Sia bed Fron’ o Ares 'al- Spin tha their 
vorage inclination being at an angle of 24° BSW, The 
vertical baight of tho cliff is from 150 to 200 feet ; ‘and botwou 
dand g—in which ‘space 1 observed seventeon trees in an. ape 
right position, or, to speak more correctly, at right angles to 
the planes of stratification—I counted nineteen seams of coal, 
varying in thicknoas from 2 inches to 4 feet. Atlow tide, a fine 
horizontal section of the same beds is exposed to view on the 
beach, which at low tide extends sometimes 200 yards from the 
‘base of the cliff. The thickness of the beds alluded to, betwoen 
@and g, in about 2,500 feet, tho eroct trees consisting ehiclly of 
lange Sigillarie, occurring at ten distinct levels, one above the 
other. ‘The usual height of the buried trees seen by me was 
from 6 to 8 feet; but one trank was about 25 foot high asd 
4 foot in diameter, with a considerable bulge at the base. Tn 
no inatance could T detect any trunk intersecting a layer of eval, 
however thin ; and most of the trees torminated pepe 
soams of coal. Some fow only were based om clay 
none of them, except Colamites, on sandstone, Tho acura) 


* Acadinn Geology, 2nd edit. 1568, 
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appeared in general to have grown on beds of vege- 
table matter. In the undorolays Stigmaria abounds, 

‘These root-bearing beds have been found under all the ecal- 
teams, and such old soils are at present the most destructible 
masses in the whole cliff, the sandstones and laminated shales 
being harder and more capable of resisting the action of the 
‘waves and the weather, 

Dr. Dawson bas cnumerated more than 150 species of plants, 
two-thirds of which are European, n greater agreement than can 
be said to exist between the same Nova Scotia flora and that of 
the coal-fields of the United States. By referring to the section, 
fig. 431, tho position of the four-foot coal will be perceived, and 


eect tonal trees, o, ¢, ff, 9. Conl-memanires, Revs Sontis, 


fection made by mo in 1842 of a mall portion) that 
of the same cliff is exhibited, in order to show the 


Fae mde, which Billed the interior of the trees, I fre- 
Caer fern-leaves, and sonietimes 


i 431, is « hollow trunk 5 feot 
[ota tleeess Ment strata, and cut off at the 
clay 2 fect thick, on which reste a sean of 
1 foot thick. On this coal again stood two 
d), while at a greater height the trees fand g 
‘a thin seam of coal (¢), and above them is an under- 
the 4-foot eval. 
a the layers of matter in tho inside of the tree are 
more numerows than those without ; but it is more common in 


a 
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the Coal-measures of all countries to find a cylinder of pure 
sandstone—the cast of the interior of n tree—intersecting » 

great many alternating beds of shale and sandstone, which 
originally onvolopod the trunk as it stood erect in the water. 
Such a want of correspondence in the materials outside and in- 
side, is just what we might expect if we reflect on the difference 
of time at which the deposition of sediment will take place in 
the two cases; tho embedding of the tree having gone on for 
many years before its decay had made much progress. In many 
places distinct proof is seen that the enveloping strata took 
years to accumulate, for some of the sandstones 

erect sigillarisn trunks, support at different lorels roots and 
stoma of Calamites ; the Calamites having begun to grow after 
the older Sigillarise had been partially buried. Still, the time 
could not have beon very great. 

One of the erect fossil trees of ie petra ae 
height, occurring at « higher level than the main Goal, has el 
shown by Dr. Dawson to have a coniferous 
some Conifer of the Coal period grew in the same 
Aigillarice, just as now the deci 1 
tichwm) abounds in the marshes of Louisiana even to 
of the sea, 

When the carboniferous forests sank below high-water mark, 
a species of Spirorbis or Serpula, attached itself to the outside 
of the stumps and stems of the erect trees, adhering oom- 
sionally even to the interior af the bark—another 


they were 
with barnacles, having been killed by an incursion of salt water 
‘over an extent of many acres, where the sea had for a soar 
usurped a space previously gained from it by the river, Yet 
the dead reeds, in spite of this remained | 
the soft mud, enabling us to conceive how casily the 
Aigitlariex, hollow as they were, but supported by 
may have resisted an incursion of the sea. 


troes in brought into view every three or four yearn 
known to extend over a space between two or three 
north to south, and more than twice that distance 
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went, being soon in te banks of stronms intersecting the conl- 
field. 


aloo aie eae ined epee fasta paneled 
called by Adolphe Brongninrt the age of Acrogens,’ 40 grea! 
appears to havo beon the numerical peewee relat 
or cryptogamic plants of the families of ferns, club-moaaes, and 
horse-tails, He stated that the state of the vegetable world 
‘was then extremely different from that now prevailing, not only 
because the cryptogamoun plants constituted nearly the whole: 
flora, but lio because thoy worv, on the whole, more highly 
than any belonging to the same class now existing, 
atiaesiiabsea soca borne of etruceae naw only found separately 
and in distinct orders of plants, The only phanerogamous plants 
‘which constitute any fosturo in the coal are the Conifers ; Mono- 
cotyledons appear to have boen very rare, and Angiospermous 
Dicotyledons, with one or two doubtful exceptions, are wanting. 
For this we are in some measure prepared by what we have 
teen of the Secondary or Mesozvic floras, if, consistently with 


Pig, 4a Tie. 4. 


a 





‘Prenptorts iipsioa, Tranbrary,? wat, sli, primacen, Litetiag, be 
the belief in the theory of evolution, we expect to find the 
Prevalence of simpler and loss specialised organisms in older 
Toke. 

Ferns.— We are struck at the first glance, with the similarity 
of the ferns to those now living. In the forsil gopua Pecopterin, 


4 For botanical nomenclature, sev p. 17:1. 
# Sir C. Banbury, Quart. Journ, Geol, Ses. vol. HL 1865, 


le 


ai 
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forexamplo (fig. 433), it is not easy to decide whether the fomils 
might not be referred to the same gener a4 those established 
for living forns. ‘The ferns of the Carboniferous peried are 
generally found. without organs of fructification, bit in the few 
inatanicos in which these do occur in a St state for mierossopical 
investigations, they agree with those of the living ferns. 

#EWhen collecting foasil specimens from the coal-measure: 
of Frostburg in Maryland, 1 found in the iron-thales sever 
species with well-preserred rounded spots or marks of the wri, 
(Sco fig. 433.) Tn tho general absones of auch charsctern thoy 
have been divided into genera, distinguished chiefly by thr 
branching of the fronds and the way in which the veins of the 
leaves are disposed, The larger portion are supponed to lave 
hoon of the size of ordinary European forms, but somo were 
arborescent, especially those of the genus Coulopteris (tig, 434), 


Fig. 416. 


i 
‘ 
i 


ror 


hree-tern trom ade of Bourbon. 
Crates glawes, Manritian, 
‘Troo-tern from’ Breall. 


and of !Psaronius of the upper coal-measures. Conlapteris me 
sembled the modern Abophile, and Psaronive the Diakaoile. 
The scars,tor cicatrices, left after the fall of the fronds, resemble 
those of Candopteris. 
No leas than 190 species of ferns are enumerated as having 
been obtained from the British comb-atraka, wna hig wumber is 
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shore than doubled if we include the Continental and American 
species. Even if we make some reduction on the ground of 
varietios which have been mistaken, in the absence of their 
fractification, for species, still the result is singular, because the 
whole of Barope affords at prosont no moro then sixty-soren 


species, 
Lepidodendron.—About forty species of 


mode of branching they are always dichotomous 

438). They belong to the Lycopodincee, bearing sporangia 
similar to thor of the living reprosentatives of this 
441); and although most of the Carboniferous 

grew to the size of large trees, Mr. Carruthers has found 

it, that the volume of the fossil spores did 

that of the recent club-moss. This is a fact of some 


Tephdaientron Sermtero\i, Coal-reasnres, near Keveastte, 
Eleanore 
He Se Reser ran re dinette. Crom Mo.) 

ical distribution of so many living farailies of erypte- 
eee. ‘The figs. 438-440 represent a fossil Lepido- 
deadron, 4 feet long, found in Jarrow Colliery, near New~ 
‘eatle, lying in shale parallel to the planes of stratihestion. 
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Fragments of others, foand in the same shale, indicate by the 
size of the rhomboidal sears which cover them, a still greater 
Pigs tle 


magnitude. 


‘The living club-mosses, of which there are about 


200 species, are miost abundant in tropical climates. ‘They 


Leyidortrobus ornatur, Bron. (tro~ 
8 ee ee one aniopau; § ak 


ue. 
4, arson of & wction showing the 
large sporangia in their ontaral 


ion 


amare seca 3 thee o- 


usually creep on the ground, and 
are small, but some stand erect, 
as the Lycopodium deneum froin 
New Zealand (fig. 441), whic 
attains a height of three feet. 
In the Carboniferous strate 
pepe 
o : l 
lindrical bodies, called Tooal 
cones, and named Lepidostrobies 
by M. Adolphe Brongniart, are 
met with (seo fig. 442). They 
often form the nucleus of com- 
crotionary balls of claydron- 
stone, and are well preserved, 
exhibiting a conical axis, around 
which a great quantity of scales 
wore compactly imbticnted, ‘The 


TELA sek Kase terminating the tipa of branches of woll- 
charactorisod Lepidedemdra in Coalbrook Dale and dlaowhere. 
5 Hocker, Mom. Geol. Survey, vol. 5. part % p. 440, 
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Daquisetacese.—To this family belong two fossil gonera of the 
conl, Bywisetites nnd Calamites, The Calamites were ovidently 
ovely related to the modern Hore-tails genus (Eyuiactusm), differ 
ing, however, im their great aise, the want of sheaths at the joints, 


and some details of fructification, and especially in the more com- 
ee ne ween structure of the woody zone, resembling 
the structure of exogenous plants, They grew in 

ay bikes on sndy and muddy flats, after the manner of 
modern Horse-tails, and their remains are common in the coal- 
muawures. Seven species of this plant occur in the groat Nova 
Sootia secthon before described, where the stems of some of 
them, Sve inches in dinmoter, and sometimes eight fect high, 
taay be seen terminating downwardsin atapering root. Fig. 445 

oo hope inorganic cast of the internal cavity of a Calamite 
stem, the Hides and furrows being impressions of the inner 
warface of the woody zone, Tho little tubercles seen near 
the articulations, appear to be the scars of broken bundles of 


vessels. 
Botanista are not yet agreed whether the Asterophyllite: 
fig. 446) was the foliage of Calamites or note Profeasor 
Se ae the internal 
well-preserved spocimons, hax come to the 
Ss" that fat the Asterophyllites did not belong even to the 
some patural order with the Culamite, but formed o distinct 
eryptegamous, but more nearly related to the 
than to the Equisetacew, Dr, Dawson inclines to 
ae 
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the same view from the presence of « mid-rib in the leaves of 
Aaterophyllites, which is wanting in tho leaves known to belong 
to some Culamites, Professor Schimper and Mr. Carruthers, 
howover, consider that Asferophyllites is the foliage of Cali 


‘Cutnmite,, orn Bootie, 


‘mites, and the Intter even contends that he has found the leaves 
attached to a Calnmite atem. 

Figs. 447 and 448 represent leaves of Anaularia and 
Sphenophyllum, common in the coal, and belicved by Dr, 


ig. a7. Ng, Hh, 


+ & 


Annwhiris phenophylloide, Zenker, praeee aaah Lestteg 
Carruthers to be leaves of Cilamites. There is still a difference 
of opinion as to whether these formsare, or are not, elosoly allicd 
to Aaterophyfites, Dr. Williamson, who has studied 
the Calamites, thinks that they had « fatular pith, a 
woody stem, and thick smooth bark, which Inst, bevlag on 
disappeared, leaves a fluted stem as represented in Bg. 443, 

Sigitaria.—A large portion of the trees of the 
period belonged to this genus, of which as many a twenty- 
eight species are enumerated as British. The structure, both 
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claya of the coal-seams of the island of Cape Breton, in Nowa 
Sootia, In a specimen of one of these, represented in the annexed 
figure (fig. 450), the spread of the roots (Stiguaria) was sixteen 


Pie wa 


~ Stigmmrise attached to a trunk of AigiTiarkn, 


foet, and some of them sent out rootlets, in all directions, into 
the surrounding clay. Mr. Richard Brown also found Stigma- 
rian roots in the coal-field of Cape Breton attached to trees be- 
lieved by him to be Lepidodensra, and Mr. Carruthers has con- 
firmed this opinion from specimens of Lepidodendron occurring 
in British coal-fields, These facta are of great importance in 
helping to prove the afinity of Sigitlaria and Lepictodendirmm, 
and thus confirming the opinion that the latter belong to the 
syeopodiacer. 

Tn the sew-cliffs of the South Joggins in Nova Scotia, T ex- 

amined several erect Sigillarie, in company with Dr, Dawson, 


<s = 
Siigmaria feviles, Brone. 4 natal ste (Poms, Flo. 22.) 


and we found that from the lower extremities of the trank they 

vont out Stigmarise ax roote. All the stools of the fossil trees 
out by us divided into four parts a bifur- 

Sra cated, forming cight roots, which were also dichotomous when 
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tracoablofaronough. Tho cylindrical rootlets formerly regarded 
na leaves are now shown by more perfect specimens, to have been 


nothing remains on the surface of the cease fr ot 
Stigmaria bat rows of mammillated Soe 
theo (figs. 451, 452), which have formed the base of each 
protuberances may possibly indicate the place of 
Rpeset Gh im Deceriexicanity of the rovtiet. Rows of these 
tubercles are arranged spirally round each root, and this always 
‘has a modullery axis and woody system much resembling that 
of Sigillaria, the structure of the veascla being, like it, scalari- 
form, No inatance seems yot to have been met with, in Nova 
Scotia, of Stigmarian roote attached to Lepidlendron. 
Coniferm.—The coniferous trees of this period are referred 
to five genera ; the woody structure of some of them showing 
‘that they were allied to the Arau- 
arian division of Pines, moro 
i steeaeeatl madd 
pean Firs. Some of their trunks 
exceeded forty-four feet in height. 
Many, if not all of them, seem 
to have differed from living Coni- 


Blernbergia, 

the ith Of these trees, or rather 
gust andl cavities formed by 

toadstakingor art 


hn WhiteJounine, in ehich the > = 

‘vith — al tale as Doe Siow lth or “eters 
cavity, mae ich arate plates of pith 

extend horizontally, 2 ax to divide the cylindrical hollow into 
© Maschester Phil. Mem. vol. ix. 1551, 
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discoid interspaccs, When these interspaces have heen filled 
up with inorganic matter, they constitute an axis to which, 
before their true nature was known, the provisional name of 
Sternbergia (d, d, fig. 453) was given. In the abore 

the structure of the wood (b, figs. 453 and 454) is coniferous, 
and the fossil is referable to the genus Dedexyton, 


Magnified portion of fig. 4885 transverse seation, 
Pith 0,0 Woody fibre, 4.6 Medlalary rape. 


The fossil named Trigonocarpon (figs. 459 and 486), ae 
sapposed to be the fruit of a Palm, may now, 


according to 
J. Hooker, be referred to the Conifere. Its geological peed 
Fig. te, 


‘Tripaseoarpen ceatam, Lindley 
Doe Qeerry, Lancashire, 


ance is great, for so whundant ix It in the Coal-measures that ie 
cortain localities bushels of the fruit of eome spécion may be 
procured ; nor is there any part of the formation ‘whive ft 
does net occur, exeept the underclays and limestone, ‘Tho 
sandstone, ironstone, shales, and coal itself, all contain: Ser 


ease 
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helonged to that large section of existing coniferous plants 
which bear fleshy peeny easter fr fruits, and not cones. It resembled 
wery closely the fruit of the 
Chinese gorus Salishieria,one 
of the Yow order, or Taxaceve 
‘of the class Coniferae. 

‘The curious fossils called 
Antholithes by Lindley, which 
ome formerly considered to 

be fowerspikes, are prob- £5 
ably allied to the Conifer. 
No specimen has yet been 
found exhibiting structure, 
© that their trae position is canticcrpes Lindiogt, Cart. (tnthetither, 
somewhat doubtful ; but Mr. Hid.) ‘Cea)-mesenres, 
Peach in 1870 obtained specimens from carboniferous shales 
near Falkirk (nce fig. 457), in which the fruit was attached to 
the stom, and Mr. Carrnthers has ascertained that these fruita 


Fig. 408, 
a 


Petheeties Orastentt, Pat, Coa! messures, Bllibargh 
aa 5 } eat. afer, (b. Remains of the bed. 
TPomonstgae, Dever neouyece noni 


ame identical with others found in the coal-measures by Brong- 
‘iart, and named by him Cardiocarpon. The processes supposed 
‘by Lindley to be petals prove to be pedicles of the fruit spring- 
ing from each duster of leaves on the axis, Tho frait iteeli 
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fiat and broadly ovate, with a cordate base, and « somewhat 
acute bifid apex.? 

Monocotyledon in the coul-meaneres.—Tn the coal-measures: 
of Granton, near Edinburgh, a remarkable foasil (fig. 458) wax 
found and described in 1840*° by Dr. Robert Paterson. It was. 
compressed between layers of bituminous shalo, and consists of 
astem bearing a cylindrical spike @, which in the portion pre~ 
served in tho slate exhibite two aubdivisiona and part of = 
third. The spike is covered on the exposed surface with the 
four-cleft calyces of the flowers arranged in parallel rows. The 
stem shows at 6, a little below the spike, remains of a lateral 
appendage, which is supposed to indicate the beginning of the 
spathe, ‘The foasil haa hoon rderrod to the Aroidew, to which 
the recent gens Arum belongs. ‘There can at least be no doubt 
as to'tho high grado of its organisation, and that it belongs to 
the monocotyledons. Mr. Carruthers has curefully examined the 
original specimen in tho Botanical Musoum, Edinburgh, and 
thinks it may have been an Epiphyte. 

Climate of the Coat Pertod.—As to the climateof the Coal, 
tho Ferns and the Conifers are perhaps the two classes of plants 
which may be most relied upon as leading us to safe conclusions, 
as the fossil genera are nearly allied to living types. All botanists 
admit that the abundance of ferns implies a moist atmosphers 
But the Conifers, says Hooker, are of more doubtful import, a» 
they are found in hot and dry and in cold and dry climates, in 
hot and moist and in cold and moist regions. In Now Zealand 
the Conifer attain their maximum in numbers, constituting’ 
part of all the flowering plants; whereas in a wide district 
around the Cape of Good Hope they do not form yds af the 
phanorogamic fora, Besides the Coniferer, many specios of fern 
flourish in New Zealand, some of them aborescent, together 
with many kinds of Lycopodium ; so that the vegetation of a forest 
in that country, may make @ nearer approach to that of the 
Carboniferous age than any other now existing on the globe, 


* Carruthe 


Notes on Fossil —* Trans, of Bot. Soe, Hainburgh. 
Planta, Geol. Bay. vol, Ex. 1572, wol, i. 144, 
7. Ot 





STRUCTURE OF COAL. 


CHAPTER XXV. 
CARPOSIFEROUS FORMATION. 


Me verueturs of coal-—Natute of conl—Tormation of the minerd—Camse 
-iremstone—Tntercalated marine beds In ooal-meayures— 
ideas about the atmosphere of the carboniferous age—Arthro~ 

of pate tacts Selden” Senrtice:-Cervecinorss ‘amphibia— 
thedontia— American snd Nova Setian amphibia—Pupo— 
Hyloblus and Neuroptera—Crust movements (n Nova Seotia—Marine 
fauna — Corla — Bryoeoa — Crinoiidea—Brachiopoda—Mollasea—Crus- 
tacea—Fish—Pvesninifers, 


Structure of Coal.—Profemor Huxley hos ascertained that 
in tho Better-Bed coal of Lowmoor, near Loods (see a 2, fig. 459), 


A" Reter-Siol* Cont, trom m portion uniiwanlly full of Sporengin, which ary 
here shown te transverse section, 
Pane coil, wection yorilel vith bedding; sowing Syorvmy(n, aed 
spores, the istter (wlilch aro here reproented mtmrwkat to> barge) 
ee ee na ak cet 
& showing dyorangie section. 
Seterat virw sf troventn mparstel tm the Wiike Coat? 
All thoee tiguros are enlarged about 16 diameters. 
‘The bodes here cat! Apwrmapie nre by some perscis consldero to be Atvero- 
‘aperee j Wd thane called Spores, to be Mlrreapmres, 


the spores and sporangia of the great planta of the Curbonifer~ 
Wis age constitute « very large mass of the mineral, and this 


is ae the case vith the the recent * White Coal’ of Australia 








NATURE OF COAL, 


of Lepidedendta aro often more abundant than in 
ordinary coal, 

‘The nature of coal—Coal is very amorphous, and only 
occasionally shows something of a fibrous structure, and it has 
an tendency to cleave in cubical or prismatic blocks. Tho divi- 
onal planes, often contain small films of calcite, gypsum, and. 
iron pyrites and oven salt. Light carburvtted hydrogen or 
marah-gas is often included, in considerable quantity, in coal. 

Bituminous coala are those which soften or fase when heated 
at a less temperature than that required for combustion ; there 
is nothing like bitumen in coal, however, and the proportion of 
carbon in such coals is from 80 to 90 per cent., and of hydrogen 
45 to 6 per cent., and oxygen 3 to-14 per cent. 

Ft appears from the roscarchea of Liebig and other eminent 
chemists, that when wood and vegetable matter ary buried in 

partially or entirely excluded 
from the air, they decompose slowly and evolve carbonio-neid 
" with i 


mn continuance of decomposition changes this 
lignite into common or bituminous coal, chiefly by the discharge 
Fearburettod hydrogen, or the gax by which wo illuminate our 
to Bischoff, the inflammable gases 

escaping from minoral. coal, and are #0 often 

fatal accidents in mines, always contain carbonic 


ordinary 
‘ooal into anthracite, to which the various names of 
glance-cval, coke, hard-conl, culm, and many others, have been 


“There isan intimate connection between the extent to which 
the coal has in different regions parted with its gaseous contents, 
and the amount of disturbance which the strata have undergone. 
The coincidence of these phenomena may be attributed partly 

facility afforded for the escape of volatile matter, 

p fmetaring of the rocks has produced an infinite num- 

i aac a ei ‘Tho gases and water which wore 

made topenctrate these cracks were probably rendered the more 

‘eGective ax metausorphic agonta by increased temperature do- 

‘tived from the interior. Ten well known that, at the present 

period, thermal waters and hot ura burst out from the 

earth during earthquakes, and these wond not fail to promote 

the of volatile matter from the carboniferoes 
_— 





PURITY OF COAL. (cm, aay. 


In Pennsylvania the strats of coal are horizontal to the west- 
ward of the Alleghany Mountains, where the Inte Professor H. 


At first on the Ohio river the proportion of hydrogen, oxygen, 
and other volatile mattors, ranges from forty to Bilty per cont. 
Eastward of this line, on the Monongahela, it still approaches 
Sy pseu where thence Eee ee eee 


ii show 
dislocations are consideruble, the volatile matter ix ganorally in 
Bersales At length, when 
we arrive at some insulated coal-ficlds amociated with the 
boldest flexures of the Appalachian chain, where the 
have been actually turned over, as near Pottaville, 
coal to contain only from six per cent. of volatile matter, 
becoming genuine anthracite. 

Cause of the purity of coat-—Tho purity of the coal 
or the absence in it of earthy particles and sand, throughout 
areas of vast extent, is a fact which appears very difficalt to 
explain when wo attribute each 


and their leaves and prostrate trunks formed layers. 
table matter, which was afterwards covered 
turned to shale. Yet the coal itself, 
matter, remained all the while unsoilod 
‘This enigma, however perplexing at first. 
be solved by attending to what ia now taking place 
‘The dense growth of reeds and herbage which ¢neompaaea iia 
margins of forest-covered swamps in tho valley and 
Mississippi is such that the fuviatile waters, in 

thom, are filtered and mace to clear themselves. 

thoy reich tho areas in which vegotable matter: 


fy 
Hey 
Han 


Sree aca year Inia tied by tea eal 





with the vogetable matter accumulated there 

from the decay of trees and semi-aquatic plants. As a singular 
proof of this fact, I may mention that whenever ay ast ofa 
in Louisiana is dried up, during an unusually hot sesson, 


‘meeting with water, and it is then found that scarcely any re 

sidaum or oarthy matter is left. At the bottom of all these 

‘eypreas swamps’ bed of clay is found, with roots of the tall 

ep (Fim stich jot thera of tesa 
with Stigmaria, 


eaten acotra en Tocede, axl acsichoe erin. kes 
Jayers in the eal-mossures, and they are formed, says Sir 
de la Beche, of carbonate of iron mingled mechanically with 
rantter, like that constituting the shales, The nodules 

formed around some organic object, and in some 

‘Mussel band ironstone, tho valves of a shell 
converted into carbonate of iron. Mr, 

decomposing vegetable matter, such as 


carbonic acid, mecting with the protoxide 

would waite with it and form a carbonate of 

Boast bacon with fine mud, when the excess of car- 

¢ecid was romoved, might form beds or nodules of argills- 
ironatone.? 

“Marine beds intercalated in coal-measures.—In the 

eeebeds both of Horvpe aad Americe the association of fresh, 

‘UWeackiab-wator, and marino strate with conl-seams of terrestrial 

‘Thus the member of the 

under brackish- 


‘enall bivalve, having the form of a Cyclas or Cyrena, also a 
erence Tecan, Leperditia inate (Bg. 462), and the small 
shell of » minute tubercular annelid of an extinct gonus called 
Mieroooichus (Sg. 460) allied to Spérorbis, In many coal-figlds 


} Memoirs of Geol Sarvey, vol. i. pert i. pp. 51, 256, foe, 
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there are freahwater strata, some of which contain shells termed 
Anthracosia and Athrocomya, and referred to the family Visio 
nidé ; but in the midst of the Coal series in Yorkshire there = 


Pig, Wen, Tig. #4 


et. Mierocomehus (Splror’iy) inflata, 
rien me pty Nake andl togafiod, 
ak a and magi, Marokiaea, 


one thin but very widely spread stratum, nbounding in Sslier 
and marine shells, such as Goniatites Listert (fig. 162), Orth 
cerak: asi “A vieulopectens papyralsig, GAME: (fi. 403), 


Pig. 68. 


miouures, Yorative ani Lasessbtce, "(Pele paypraana omy tt 
Arthropoda in the Coal-measures.—It was formerly be 
lieved that the atmosphere contained #0 much earbonie-nct 
gas during the Carboniferous age thst no terrestrial animals 
could have lived, Tt was forgotton that marine nt 
animals breathe air through the medium of water, and 
those of the past age, #0. closely reesnibled 1a Sean 


Spider, Land shells, and Amphibia, set at reat what, at the hes, 
was unworthy of credit, 

‘The Lancia the find verse and it will be noticed 
further on that their enemies were lors and Scorpions. The 
Bectlos droned, and the Lace-winged Sion Aitted hese aud thers, 
the Grasshoppers chirped, and the Lexf-inseots preyed upon others, 
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Some of theso insects did not undergo motamorphoais, but others 
nisst have done ro. Coleoptera : The Beetles were of the genera 
Curculioides and Troxites. The Orthoptera, genera Blattina, 
Gryllnoris, and Acridites, were the Blatter and Crickets of the day. 

The gener Lithomantis and Mantis wore the Leaf-ineects. The 
Noureptera had eight genera, including the White Ant, and it 
is probable thats Pineina, one of the scalewinged or Lepidop: 

tera, lived then. 


of a Onesbapper, 07 Mternthraca, Goldendong, 
Mes ot ee laa, aly ‘wear reves 


The Arnchnida existed in the foresis of the Carboniferous 
Mieetiabes tiocapciond eezear to hnye had « wide rango, for 
they have been found in England, Scotland, Bohemia, and Illi- 
nis in the United States of North America, The forms re- 
semble existing specics somewhat, but should be included in the 

geutua Becorpive, The genera Microluhis and Cyclopthalraus have 
fav boon food in Boberia, and. at Maconi in Dlinoia, The 


Scotch and miele species. Euphoberia was vory 
ranging from Central England to Hinois and 


inthe ecal-measures of Miinater-Appel in ‘Rhoniak 


years later, in 1647, Professor Vow Dechen found 
ef other epocies of Amphibia in tho Saarbriick coal- 
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field. These wero déscribed by the late Professor Goldfuss 
under the generic name of Archegouurns, but we owe our 
foll and accurate knowledge of their structure to the investi- 
gations of Von Moyer. The annoxed drawing shows the 
Teak skull, thoracic plate, 

E seapule, vertebne, 

and ribs of Arche 


gotaurus minor. 


Arihegosouras miner, Golituss, Pos! reptile from 
‘the coub-mossaros, Sanrbrtick, 
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of which had previously been met with in rocks older than the 
Oolite or Lithographic slate of Germany. 

Some years afterwards, Dr. Dawson, in carefully examining 
the same great section, containing so many buried forests in 
the oliff of Nova Scotia, discovered another foxstliferous bed, 
separated from the tree containing Dendrerpeton by a mast 
of strata more than 1,200 feet thick, As there were 21 seams 
of coal in this intervening mass, the length of time eomprised 
in the inturval ia not to be measured by the mere thickness of 
the sandstones and shales. This lower bed is an under-clay soven 
feet thick, with Stigmarian rootlets, and the small land-shells 
occurring in it are in all stages of growth, They aré chiefly 
confined toa layer about two inches thick, and are unmixed with 
any aquatic shells. ‘They were entire whon enibedded, bat 
most of them are now crushed, flattened, and distorted ly 
proasure ; they inust have been accumulated, says Dr. Dnwent, 
in mud deposited in » pond or ervek. 

The surface strim of Pupa vetucta, when magnified &) din 
meters, prosent exactly the same appearance as a 

responding in size of the common 
lish Pupa Rpt and the & 


ture of the fosail and recent 
be identical, In 1806" Dr, 
discovered in this lower 


‘Pig. 470, 
; q 
i 


al c 
‘Page ttares, Davo. Bowttes (Comates) prineme, Ont pentets 
of Pupa vetusta, another land-shell of the genus Haag 
genus Zonites or Conulus) (fig. 470). 

None of the Vertebrata obtained from the 
the South Jogginsare of a higher grade than the 
but some wore of very great xize, two caudal va 
‘Mr. Marsh in 1862 measuring two and a-half inches in f 
Se epee rele Ape with o powerful swimming 


© Diwan, Acadian Geslogy, 1865, J. B85. - 
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Except some obscure traces of an Insect found by Dr. Dawson, 
in @ ocoprolite of some Amphibian, occurring in a fossil tree, 


wings, larger than any known ite insect of the 
feuropterous family, 

‘Carboniferous rain-prints.—At various levels in the conl- 
mesures of Nova Scotia ripple-marked sandstones, and shales 
with rain-prints, were seen by Dr. Dawson and myself, but 
still more perfect impressions of rain were discovered by Mr. 
Brown near Sydney in the adjoining island of Cape Breton, 
‘They consist of very delicate markings on greenish slates, 


Pig. 471. Curbomifeevos min-priuts with worm-trocks (0, >) on green sbato, trem 
Breton, Nova Scotia. Batural alse, 

TIFT, Coase of vatn-prinsa on a portion of \bo same slab (Ox, 471), seen to prozent 

On the nador side of an Incumbent layer of arenacoour: vara sie, 


‘The arrow represents the mpposed dircetion of the shower. 


accompanied by worm-tracks (a, b, figs. 471,472) such as are often 
seen between high and low water-mark on the recent mud of the 
Bay of Fundy. 

‘The gront humidity of the climate of the Coal period had 
been previously inferred from the number of its ferna and tho 
continuity of its forests for hundreds of miles ; but it is sntis- 
factory to have at length obtained such positive proofs of 
showurs of rain, the drops of which resembled in their avernge 
size those which now fall from the clouds. From such dats we 
may presume that the atmosphere of the Carboniierovs yerto 
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corresponded in density with that now investing the globe, azd 
that different currents of air varied then as now in tempers 
ture, no ns to give rise, by their mixture, to the condensation 
‘of aqueous vapour. 

Folding and denudation of the beds indicated by the 
coal-strata.—The series of events which aré 
section of the coal-strate in Nove Sootis 
consist of a gradual and long-continued subsidence of a tract 
land which was constantly in the state of a delta, though 
weasionally submerged beneath a sea of moderate depth, 
Deposits of mud and sand were first carried down into a shallow 
een eee foot-prints of reptiles wee 
sometimes impressed. Though no regu- 
lar seams of coal were then formed, 
the embedded coal-plants are of the 
characteristic wae Ripeptno- ~ Ale 

thopteris, agrocing 
ring at mach ghee ly ere eal and inti 
from those of the antecedent Devonian 


is also conspicuous in these shallow-water 
beds, together with many fishes and Ento- 
mostraca, A more rapid rate Of sulsb 
dence sometimes converted part of the 
see into loep clear water, i Whiadt Shsre ys ae 
which was afterwards turned into crystalline 
gypsum, In spite of continued sinking, amounting: aed 


thousand foet, the sca might in time have been rendered shallow 
hy the growth of oral, had not its conversion into land we 
swampy ground boon uceclerated by the pouring in of sand and 


— 
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the wivance of tho dolta accompanied with such fuviatile and 
‘bnackish-water formations as are common in 

‘The amount of sinking of the bed of the sea which took place 
in onder to allow of the formation of so vast a thicknosa of rock 

svlimentary and organio origin, ix expressed by the total 
thickness of the Carboniferous strata, includingthe coal-measares, 
No. 1, and the rocka which underlie them, No. 2, tig. 474. 

Alter tho strata No. 2 had collected, the conditions proper 
to a great delta exclusively provailed, the subsidence still 
continuing so that one forest after another grew and was sub- 
wnerged until their under-clays with roots, and usually seams 


net identical with that or any living gonus, and called Naindites 
wirtonoriva by Dawton, They are associated with small Ento- 
smestracous Crustacea of the genus Cythere, and scales of 
qmall fishes, Occasionally some of the Calamite brakes and 


forests of Sigillarie and Coniferw wero exposed in the flood 
axon, or sometimes, perhaps by slight clevatary movements, 


great 
ef the Bay of Fundy (fig. 474), the student must 
pluce understand that there have beon two great 
in opposite directions, the first consisting of a 
ing of three miles, which took place during the Car- 
|, and the second a side to side crush, and an 
limited horizontal extent, during which the 
aynelinal axes 4, #, were formed. That the first 
‘of level was one of subsidence is proved by the 


roan see ithe lowent ta of No.2. 
rocks subsequently removed by denudation are ex- 
the faint lines at 4; and thus the student will see 


enabled, by the joint operations of upheaval and 
Wok, as it were, about three miles into the 


‘MANINE FAUNA OF THE CARBONIFEROUS PERIOD. 


Tt tian already boon wtatod that the Carboniferou or Moun- 
Limestone underlies the coal-messures in the South of 
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England and Wales, whereas in the North and im Scotlanit 
marine calcarcous rocks partly of the age of the Mountain Time- 
stone alternate with shales and sandstones, containing posmas of 
coal. Tn its most calcaryous form the Mountain Limestone ie 
destitute of land-plants, and is loaded with marine remains — 
the part, indeed, of the rock being made up bodily of 
Cringids, Corals, and Bryoxoa with Mollusca nud Foraminifers 
intersperaad. 

‘Corals.—The corals deserve especial notice, as the pe 
star corals, which have the most massive and stony 
display peculiarities of structure by which they may be distin 
guishod generally, as MM, Milne-Edwards and Haine first 
pointed out, from all species found in strata newer than the 
Permian, There is, in short, an ancient or Polavenic, and’ & 
modern or Newvie type, if by the latter term we designate (as 
proposed by Professor E. Forbes) all atrata from tho trinaaio to 
the most modern, inclusive. ‘The accompanying diagrams (figs 
475, 476) ilustmte these types. 

Tt will be scen that the more ancient corals have what i 
called @ quadripartite arrangement of the chief vertical plates or 
lomellse (septa)—ports of the akeloton which apport the ongnis 
of reproduction, Thonumber of these lamellm in the Palmozole 
type is 4, 8, 16, &e. ; while in the Nooxoic.type the number is 
G, 12, 24, or some other multiple of six ; and this holds good, 


Pig. AT 


Putanzote Jamellifrroms copshayed Coral, Onler ZO. PMAkes Reet, 
Are tise id weds aod Jalon Haan 


whether thoy be simple forms, as in fig. 475, a, and 476, 0, of 
aggregate clusters of oorallites, aa in 475, ¢, But further ixvw 
tigations have shown in this, as in all similar grand. 

‘tions in natural history, that there sre exceptions to the rule 
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‘Thus in the Lower Greensand Holecystis elegans cewek 
np.) and other forms have somo relics of tho Palmozoic type, and 


Pig. 46. 
Meamie type of \rtitfercas copalmped Coral, Onler ZAANTILARIA AFOWOSA, 
2. Edwards and J. Haime, 


Poraumiiie cestral, Mantel. em. Vertioal, wo. 
lon; tint, ey Chalk. G1 

Hie ope the da 

corcpenel of ilar 


ptt WIN, A QnaReTAry xt 
. The short inter 
proceed tram the 


“Pea, "ingrid We Bre 

dary sepa, maagitic 
De. Duncan has shown to what small oxtont the Neoxaic forme 
penetrate downwards into the Carboniferous and Devonian 
‘From a great number of ragoso corals met with im the Mountain. 
Limestone, two species (fig. 477, 478) have been selected, as having 


‘Fig. (TH 


wide extending from the eastern borders of Russia 
te ous ‘British Leloe aod United States. Theso fosnils, together 
with numerous species of Zaphrentis, Ampleris, Opathophytion, 
and meee form a group of rugose corals widely different 
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from any that followed them. With them are associated certain 
tabulate corals, especially Michelinia and Syringopora, the latter 
of which often formed small reefs.? 

Rohinodermata.—Crinwider are numerous in the Mountain 
Limestone, 

In the greater part of them, the cup or pelvis (fig, 4805) ix 
often greatly developed in size in proportion to the ans, although 
this is not the case in Cyathocrinus, ‘The gunorm Potertoerisuiey 
Cyathocrizs, Actinocrinus, and Platyorinus, are all of then cha- 
racteristic of thisformation, and their separated plates and the 
joints of their stems compose rocks many hundred feet in thick- 
ness (Crinvidet limestones), Obher Echinoderins are rare, a few 


Pigt9, Mig. 40, 
} @ 


Coates Fania, Cysthorrinus carpoerisetter, MCey. 
xf * enep lt wit! She stems 

veggie RES teeters 
Echinoidea only being known ; these have a complex sires 
tury, with many more interambulacral plates tham are seen in 
the modern genera of the aame group. One genus, Paleckinus 
(fig. 481), lived like the modern Schinus, but hns four, fire, of 
aix rows of plates in the interambulacral region, whereas the 
modern geners have only two. The other, Archumeldaris, 
sents, in like manner, the Cidaris of the presont meas “ihe 
Blastoidea replaced, in the Carboniferous, the Cystides of 
the Silurian seas; two genera, Pentremites and Colosaater, 
are peculiar to this formation in Europe and North Ameria 
Pentremiter (fg. $82) in much the most abundant genus, and, 
like Cudonaster, is distinguished from the true Crinoids and 
Cystoidea by the absence of arma. 


* For fi of these corals, vee Peleontegtaphical Sockety’s Mose 


Bemphy, 1 





on xxv) MOLLUSCOLDA, 


Molmuscoida.—The Bryoxoa are very common in some parts 
of the Mountain Limestone of England, and in the Culciferous 
deposits of Scotland, the prevailing genera being Menestella, 


Vinowlaria, a apie and Gloweoneme, Their net~ 


like fronds are easily recognised. 
Tho Brachiopoda arw very important in the jauna, but they 


i iN 


Fie. 468, 


Peace eee icelet (ie. 485), and 

P. wabrieulus. Lange plaited Spavins, 

ins Spirfera striata, 8, rotundata, and S. 
Wrigonalis (fig. 484), alee abound; and 
tie as pay, such as Spirifera glairs 

485), with its numerous varieties. tere 

Terebratula hastata (6g. 486) desorvos "y. "Cxtvoticevs thaw: 
qmention, not only for its wide range, but 
Yeoame it often retains tho pattern of the original coloured 
stripes which ornamented the living shell. 
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toltusca.—Tho Lamellibranchs number 334 species in the 
English Carboniferous Limestone, The genera Avi 
(ig. 487) haa « species in which dark stripes alternate with » 
light ground, 

Some few of the Carboniferous mollusca, such as A picull, 


Fig. 430. Pia, 487. ‘Tig, 488 


Aviculopectn snsiabarur, — Pwretewarta corinats, 
Phill, nad, stam. tow, 


Carboniferous Eetzertone. (0 fame PES 
Tortywhire; Yorkahire,  Carboatfereas 


Dexbprires Ireland; ‘Detbyetnn, So. 
Ramla, ae 


Nucula (subgenus Clenodonta), Sdemya, Modiola, anil Lite 
domus, belong no doubt to existing genera 


* Fig, 489, ‘ 


Bvompialus pearvagulotur, Sowerby, $ Meontatn Tinewtens. 
Lover or eaubilical side, © View, 
© Orit pang Isler atotiia Fey opto 
section, showing internal chat! 


Gasteropoda.—These are represented by 200 apeciaw, and 
Natica, Plewrctowaria, Macrocheilus, and Loxoneren are common. 





cavity previously formed, and to have closed 

all communication with it by a septum. 
number of chambers is irregular, and 

‘are generally wanting in the innermost 


Moteropeda,—Alxut twenty species of 
genus Bellerophon (soo fig. 490), a shell “rm xutvnian 
like the “he lvng Argowet without chambers, Manstaln Témestme, 
the Moantain Limestone, ‘The gonus is not met ma 


oda.—Thoww of the carbuniferous do not depart e 


Cephalop: 

widely from tho living type (the Nawtilvs) as do the moro ancient 
Silurian representatives of the same order ; yet they offer some 
remarkable forms, Among these ix Orthoceras, a sipbuncled 
and chambered shell, likes Nawtilus uncoiled and straightened 
oa | A tara J sad 


Pig. at. 


[ 


Pibige f Mentate Lice, & Prean varwschoving the mani 
fevtlong. Goniatites ia another genus, nearly allied to Ammonites, 
frum which it differs in haring tho lobes of the septs froe 

from lateral denticulations, or crenatures, but angular, and 
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uninterrupted in outline. The species represented in fig. 492 
is found in most localities, and presents the praacpeee in 
the septal lobes in great perfection. ‘The dorsal position of 
the siphunele, however, clearly distinguishes the Goniatite eva 
the Nautilus, and proves it to have belonged to the family 
Ammonitidse, 

Crustacea.—'The great Crustacea of the Palwozole age began 
to diminish in size and numbers during the Carboniferous period. 
One order, the Merostomata, in which the mouth was furnished 
with a masticating and seizing apparatus, the ends of which 
became walking or swimming feet, or organs of oa 
tained the genus Eurypterus, which will be noticed in So 
with the Devoninn formation. There were also the gos 
Prestwichia, and Belinurss, which were Limuloid ssaveoterged 
the order, and may belong to quite another group. Another 
order, the Trilobita, which waa of great importance before 
the time of the Coal, began to diminish before tho ppriud, 
and only a few genera of the family Pooolidw lasted into a 
They were—Phillipsia, Griffithides, and Brachymetopus. Seme 
Phyllopoda snd Ostracoda flourished during this age; and « 
Macrourous shrimp-like form lived in the Scottish Goal 
moagures. 

Possil Fish.—The distribution of these is singularly parties 
so much ao, that M. de Koninck, of Lidge, once stated to me 
that, in making his extensive collection of the fontilp of the 
Mountain Limestone of Belgium, he had found no more then 
four or five examples of the bones or teeth of fishes. . Judging 
from Belgian data, he might have concluded that Pao w 
vertebrata waa of extreme rarity in the 
whervas the investigation of other countries has led enaien 


Prommodua perce, Bone rel, Moauaie Liseatote, 
ts Arreogle. 
different result, Thus, near Clifton, on the Avon, 
numerous places around the Bristol bssin, from the 
Hills to Tortworth, there is a celebeated ‘bone-bed, | 
entirely made up of ichthyotites. It ooctsrw at this 
Lower Limestone shales immediately resting “pom the upper 








has them, however, in New South Wales. 
square miles in the United States and British North Amerika 
are Carboniferous. 


CHAPTER XXYVI. 
DEVONIAN, OR OLD RED SANDSTONE FORMATION, 


‘The Lacustrine and Marine areas—The Old 
the Devonian Sinane praniteu--Thecld ak Lakes of Seotland aud 


z ite — Marine 
Upper, Middle and Lower—Dovonian of osin Untied etter eal 
‘Canada —Fossile—The intermediate nature of the Devonite Gesstim 


seen that the Carboniferous stmta are surmounted — 
Permian and ‘Trias, which were originally callod ‘New 
Sandstone,’ from the prevailing red colour of their 
Under the Lower Limestone shales of the 
formation, come other red sandstones and shales: 
distinguished by tho title of ‘Old Red 

wards the name of Devonian was given by. Mr. 
marine formations, which in the south-west of Bi 

an intermediate position between the 

the underlying Silurian formation, It may be aly 
in the British Isles the rocks of thix intermediate 
themselves in their mineral aspect, and mainly fm th 


Of the fishes, and the fact that, the only. ahell 
Delonge <o che. -Lesrdeotey ated 02 Ge 
countenanes to this opinion, Morvover, the mari 
never found above or below these Iscustrine stra 
often cloae by, Thick strata of freshwater and lac 
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H. Andersoni, Plevichthys major, und to species of Glyptopomus, 


and others, 
‘The number of begeiteabrlniridirinat atin 
‘bets through the palo sandstone, indicates,writes Professor 
A. Geikie, that the fish wore killed suddenly 
and covered Vir eee ees 
Sir R. Murchison groups Kijcod 
division of the Old Red of Scotland, certain 
light-red and yellow sandstones and grits 
which occur in the northernmost part of the 
mainland and extend also into the Orkmey 
and Shetland Islands, They contain Cale- 
Foal af teiorei™ ewites and other planta which agroo, gone 
Ciashbinulo, datetse, cally, with Carboniferous forms, and overlio 
the Caithness flags unconformably, The Fish fauna of the 
Upper Old Red Sandstone numbers 26 species in 15 genera, 
Geikie notices thot a band of marine limestone of Devonian 
age, lying in the heart of the Old Red in Arran, is crowded with 


Moloptyehas, As restored by Profesor Taxiey. 
Sine fngen vente tan 4,2 Borat foe 

‘ordinary Carboniferous Limestono shells, such as Product 
giganteus, P, semivetioulatus ; but none occur in the great series 
of sandstones overlying the limestone, ‘These species G6 Et 

until wo reach the limestones of the Carboniferous age 
yet all these organinus must haye beon living before the 
sition of the Arran limestone, and, of course, long prior to 
formation of the Carboniferous limestone, This 
considered farther on in relation to ‘ Colonies” (pp. 


‘unconformably on 
sod Lowe OU Ted Baniatene and toesde alld eagle 
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Huxley in 1861, or the fringe-finned, in considerstion of the 
peculiar manner in which the fin-rays of the paired fins are 
arranged so aa lo forma fringe round # central lobe, as in the 
recount Polypterus (see a, fig. 498),a genus of which there are 


= 
Peireteras Seo Agansiz, Tech 

“tiring in nies eee 

1, One of the tringod tine, g, dow 

A One of tho ventral fos. &, Doan tn oe rowet tla 


several species now inhabiting the Nile and other African rivers. 
‘The reader will at once recognise in Osteolepis (fig. 491), one of 
the common fishes of the Old Red Sandstone, many’ points of 
analogy with Polyptervs. They not only agree in the atrueture 
‘of the fin, as first pointed out by Huxley, but also in the posi 


Seuss ireaeen, Pamler, Ctd Bad Banbtone or Dercatii 
g- Que a Uv fringe petra ia. 
b. One of the ventral 

tion of the pectoral, ventral, and anal fins, and in having a 
elongated body and rhomboidal scales, On the other hand, the 
tail is more aymmetrical in the recent fish, which tans gla as 
apparatus of dorsal finlots of a very abnormal character, bath as 
to number and structure, As to the dorsals of Osteolepis, they 
are two in number, which is unusual in living fish. 

Among the ‘fringe-finned’ Ganoids we find some with 
shomboidal scales, wuch aa Osteolepie, ‘amet abo Alun 
with cyclaidal scales, as Holoptychina (fign. 490, a In the 

genera Dipterus and Diplopterws, as Hugh Miller poinlet 
out, gen in several other of the fringe-fnned is 
Gyroptychis and Glyptotepix, the two dorsala arp 
backwards, or directly over the ventral and anal 
Asterolepis (one of the Placodermata) was a ganoid fish of 
large dimensions, A. Asnusii, Bichwald, a species character 
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istic of the Old Red Sandstone (Devonian) of Russia, as well 
as of the same rocks in Scotland, attained, according to Hugh 
Miller? the Tength of between twenty and thirty feet. They 
strong bony armour, embonsod with 

. Sie eects ten ema 


points which haye been recorded 


genus of the Cromopterygidw, Ceratodus Forster’, was found 
living in tho rivers of Queensland, Australia, 

Hf many circumstances favour the theory of the freshwater 
Origin of tho Old Red Sandstone, this view of its nature is not 
‘a little confirmed by our finding that it is in Lake Superior and 

freshwater seas, and in the Missis- 


ihre ir ha 
some writers have compared its shelly coveri 
npr Crustaceans, with which, however, it has no real affinity, 
wing-like appendages, whence the genus is named, were first 
Fee uy Bah Miler Lobo paddles like those of the turtle; 
ee reinate be sm.ate that they do really correspond 
With the pectoral fins (tig. 500), 


4 Feotprines of Creatien, p. 100. 
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The genus Cephalaspis, or * buckler-headed,’ from the extra~ 
ordinary shield which covers the hend (fig. 801), has the orbite 
clowe together, nearly in the contre of the ahield, which has a. 


Crphotarpes Laat, Ayaan. Length €f inches. 
Pics pects te ny elit fel st ON Re 
other figaren, Agua, vol, iis tabs ¥ a andl.) 


4, One of the tec cales with which the bead le covered when pettoct. ‘Theme 
seeles are genorally removed, as n tho specimen above Raured, 
4,6 Scales from iisforent parts of the borly arid tall, 


horn on either side carried backwards, Pteraspis, of the sume 
family, has also been found by the Rey Hagh Mitehell in Otd 
Red beds, Perthshire; and it is interesting to noto that this 


Pig, 003, 


Cophoterpts Lyvitit, Restoration, (After Page) 


genus came in during late Silurian times. Mr. Powrie enume 
rates no leas than five genera of the sub-onler Acanthodidm, the 
spines, scales, and other remains of which have been detected [x 
the gray flaggy sandstones, the gonora being Acanthodes, Dipla- 
canthues, and Cheiracanthws, 

Fragments of a huge Crustacean have been met with, from 
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time to time in the Lower Old Red. They are called by tho 
Scotch quarrymen tho ‘Seraphim,’ from the wing-like form 


the Inachus Kempferi of De Haan, 
short-tailed crab), chiefly rv- 
the extraordinary length of its limbs ; the fore- 


y it covers about 25 sqeare feet of ground, and the 
Limiins Moleccanus, the great King Crab of China and the 
Eastern sons, which, whon adult, mensures 1} foot acroan its 


ee oe 
some species of Pteryjotus, several of the allied 
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genus Eurypterus occur in the Lower OM Red Sandstone. 
These Crustacean of the Old Red are of the sib-order Eurypte- 
roida, and belong to the order Merostomata, ‘They are socom 
panied by fossils, called ‘berries’ hy the quarrymen, which 
they compere to » compresned. Lisckberry (soe) 505, 506, 
ar 507), and which were called ‘Parks’ by Dr. Fleming. 


Vig. 605, 


Porte Fleming. Porte » Flew 

Insandatone of lower bala In ahale of ‘Old 
‘of Old Yew, Lay's Mill, Tite. 
Porfanahire. 


‘They aro now considered by Mr. Powrie to be the eggn of Crum 
tacea; which is highly probable, for they have not only been 


found with Pterygotus anglicus in Forfarshire and 
but also in the Upper Silarian atrata of Bogland in which apeciot 
cof the sane genus, Pleryyotus, occur. 

‘Tho grandest exhibitions, anys Sir. Murchison, of the OM 
Red Sandstone in England and Wales appear in the escarp 


Fig. Bot, 


ments of the Black Mountaina and in the Vans of Brecon and 
Caermarthen, the ono 2,862, and the other 2,690 feet abowe the 
sca. ‘The mass of red and brown sandstone in these mountalae 
ts estimated at not loss than 10,000 feet, clearly interealated 
between the Carboniferous and Silurian strata, No shells «€ 
corals have ever boon found in the whole series, noteven whers 
the beds are calcareous, forming irregular courses of conere 
tionary lumps called ‘cornstones,’ which may be described as 
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as the Coomhola Grita, which appear to be beds of passage 
between the Carboniferous and Old Red Sandstone groups. 

Iv isa remarkable result of the recent examination of the 
foasil flora of Bear Inland, Int. 74° 30’ N,, that Professor Hor 
hos described as occurring in that part of the Arctic regiow 


Fg, Sta. 


Sits branch of Pe Hiserwiea, 
see eres “teehee ene 


(nearly twenty-nix degroos to tho north of the Irish 
flora, it 


Professor Heer to comprise species of plants some of a 
ascend even to the highor stages of the European 

formation, or as high as the Mountain Limestone and Millstose 
Grit. Palwontologista have long maintained that the same 
species which have a wide rmnge in space are also the most 
persistent in time, which may prepare as to find that some 
plants having a vast geographical mnge may also have endured 
from the period of the Upper Devoninn to that of the Millstone 
Grit. 

Tho Flora of the Old Red Sandstone is poor, but extremely: 
intersting from its foreshadowing the later grand Carboniferoas 
flora. 

In the Upper Old Red there aro only 12 spocios of planta, 
and the following genera are representod:—Adiantiter, 


re De tesuauia 
plant, and an Algs called Pailophyton, to bo noticed further on. 


—— | 
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orth 


Sedgwick discovered the culmiferous or anthracitic shales 


(a) Samy slates and schists with fossils, many’ 
to the Carboniferous group (Filton, 
16), reating om soft schiate in which fomsile are 
Abundant (Croyda, &o), and which pare down 


and red sandstone, with land plants 
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ower 0) Hard, groeniah, red, 
(‘ es ia red and purple sandstone (Ffanigries 
orZynton +|(4) Soft slates with subordimte sandsteces—fomile 
Grou: numerous at various horizony—Reachiopeda, Coexls, 
a | Encrinites, &e. (Valley of Rocks, Lynmouth, &.). 
‘The total thickness is vory great, probably 9,000 feet. 

Upper Devonian Rocks.—The slates and sandstones of 
Barnstaple (a and b of the precoding section) contain the 
Fig. 1. Brachiopod, Spirifera digjuncta, Sow. (fig. 

512), which has a very wide 
Europe, Asin Minor, and even ; 
also Strophalosia coperata, together with 

tho large Trilobite Phacope 


species of molluscs, «fifth 
Tig. He, 


SI*. Sp Forncedi, 


Phaceps taifrons Brown, Dike —_Apir{fere thguawatn, Sow, 

doe, Charnoteriatio of 

Devontaa tu Burope Asia, ‘Copan Dornien toad 
pass up into the overlying Carboniferous rocks. No tus 
Upper Devonian belong @ series of limestones and slates wall 


Fethorwse Cornwall TBhormentk, ‘Bavaria, 
developed at Petherwyn, in Cornwall, where thay ine veel 
75 species of fossils, ‘Ihe genus of Cephalopoda called 
(lig. 513) is represented by no Jess than 11 spocies, and strata 
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coeupying tho samo position in Germany are called Clymenien- 
Kalk, or sometimes Cypridinen-Sehiofer, on account of the 
number of minate bivalve shells of the Crustacea called Cypri- 
diva seryato-striote (fig. 514), which ix found in these beds, in 
the Rheniak provinces, the Harz, Saxony, and Silesian, as well 
a in Cornwall and Belgium, 

Middle Devonian Rooks.— We como next to the moat typi- 
cal portion of the Devonian system, including the great lime- 
wionen of Plymouth and Torquay, ax well as the slates and impure 

Wie, 813, 


« 
Mediofites porvas, Galata. (Dvevee 
preVorwas, Laand,), tat. we. 
Doe at the condiitos umgnlftic, 
Male Derenian, Teeany. Bis: 


finestones of Iifracombe, all replete with shells, Trilobites, and 
corals, Of the eveals 52 species are enumerated by Mr. Ethe- 
idge, mone of which pass into the Carboniferous formation 
above or came from the Silurian strata below, although many 


‘Pig. S16, Pig. 517. 


Kephyltene attk. —& Tesgose Corsh, 
MUsiMe Berean: aber Sichet. 
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Stromatoporaocenrs, and a fow Bryoroa. ‘With the above aro 
found no less than 10 genera of Echinodermata, 6 of which aro 
stone-lilies or Crinoids ; some of them, such aa Ov, 
are distinet from any Carboniferous forms, ‘The mollusca also 
are lees characterintio; of 26 gener of eee 19 are 
common to the Carboniferous series, The Stringocephaly 
Burtink (fig. 618) and Uneites gryphus (Bg. 619) may be tnen- 


tioned as exclusively Middle Devonian genera, and extremely 
characteristic of the sano division in Belgium. The Ae 
cephalve is also so abundant in the Middle Devonian 
banks of the Rhine ax to have suggested the name of 
cuphalus Limestone. The only two species of 


Afigeiadon cucnPhaten Bove ial; wl Bradley, nba se 
a. The vatves watted lefrath, near 


‘8 Lnterlor of valve, showing the large cxréinal tooth. 
common to the Silurian and Devonian formations are 
reticularis, which scems to have been a cosmopolitan: 
and Steophomena rhowboidalix, 

Among tho lamellibranchiate bivalves common amen 
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mouth fimestone of Devonshire and the Continent, we find 


tioned, Although but 6 species of Trilobites occur, the cha- 
raoteristic Brontews flabellifer (fig, 622) is far from rare, and all 


Tig. 833, 


Colscote sandotine, Lamm. 4. Eifel; also Boeth Devos. 


@. Ventral valve. 
‘B. Inner side of dorsal valve 
fe falar with its fie tai, In thi same group 


bony armour ; and these ichthyolites serve, an 
Murchison oksorves (*Siluria,’ p. 362), to identify this 
}marine Devonian with the Old Red Sandstone of Britain 


the Bifel Limestone (the great central and typical 
tho *Dovonian ' on the Continont) lie certain schists 
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Lower Devonian Rooks.—A great series of sandstones and 
glossy slates, with Crinoidea, Brachiopoda, and some come 


Pig 506, 


: ‘era Re ners 

and Bryozoa, occurring om the coast at 
Lynmouth and the neighbourhood, and 
callod the Lynton Group (see table, p, 
412), form the lowost momber of the 
Devonian in North Devon, Traces of fish 
remains occur, and Pteraspis, a genus of 
Silurian Fish, has boon dotvoted. Among 
the 18 species of al] classes enumernted 
by Mr. Etheridge, two-thirds are common. 
to the Middle Devonian ; but only one, 
the ubiquitous Bruckiopod Atrypa reticu- 
laris, can be identified with Silurian specior, 
Among the characteristic forms ars Aveolites shorbieularts, ale 
common to this formation in the Rhine, and Orthis arenate, very 
widely spread in tho North Devon localities. But we may expect 
1 lnngo addition to the number of fossils, wheneror those stmt 
shall have been carefully searched. The Spirifer-sandstone of 
Sandberger, as exhibited in the rocks Teter the = 
between Coblentz and Caub, belong to this Lower 
the same brond-winged Spirifers distinguish the a 
of North America. 

Among the Trilobites of this era are the genens J 
soveral large species of Homalonotus (tig. 525) are 
The genus is still better known aa a Silurian form, | = 
spinoae species appear to belong exclusively to. the “Lo 
Devonian,’ and are found in Britain, Europe, and tho 
Good Hope. 

Devonian of Russta,—The Devonian strata of 
tend, ncoording to Sir R, Murchison, over # rogiot mo 
cious than the British Isles ; and it ix remarkable # 
they consist of sandstone like the ‘Old Red’ of § 
Ceniesl eglentl der ae ouaated EY fcasil fishes 
saino apecics and still oftener of the same genera aa tl 
whereas when thay consist of limestone they ea 
similar 1o thous of Devonshire, Qiux ecedtratag: i 
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naturally ascribed to geographical distribution and the distance 
of the New from the Old World, But fortunately the Coal 
formation is fully deve- 
Joped on the other side of 


ti 
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The genas Xenoncera has a remarkable union of structures 
which are found in different genera at the present day. It is a 
Ince-wingod form of the May Fly group, furnished with a stride 
Iating or musical Corte like aGruashopper, Such # genus is said 
to be aynthetic. With regard to the stridulating ipprecetiy 
Dr, Dawson observes, if it is rightly interpreted by 
dex, it introduces us to the suunds of ee Davee ila vole) 

before our imagination the trill and hum of insect life 
ivened the solituces of these strange old forests. 

‘There were no Amphibia or Reptilia during the Devonina 
ago, and Fish were the only vertcbrated animals. The hugo 
axnmoured placoid fish dominated, and were greatly diminishod 
in numbers at the close of the sc being replaced by the 

and Chimmras, which dominated 


Iteebiatlp hscing the Ourbonttortun period: 
Sear yee arpa eet a elie Sand- 
ae ‘of Scotland contained species which did not mappear 
‘the overlying sandstones, but which hare been found much 
oe peicetenteros, Limestone series, Now in the 


son beeachud in for a while, and the 

the time provailed, and some of its members 
jontly fossil. But the invading creatures were 
one instance and Carboniferous in the other, and not 
are obliged to lelieve that the marine 
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of explaining tho presence of fossils considered to be of fresh- 
water origin in marine strat. ‘The intermediate yet isolated 
character of the Devonian formation is shown by the fact that 
in Groat Britain it contains 196 genora and Bid spocion Of 
these 32 genera and 51 species pass up into the Carboniferous 
strata, whilst 12 gener and 20 species came from the Upper 
Silurian, 


CHAPTER XXVU. 
SILURIAN GhOUP. 


Classification of the Silurian recks—Upper Silurian rocks—Ludlow forme: 
‘tion and fossile—Bone-bed of the Upper Ludlow—Lower Lodlew shaker 
with Pentemerus—Oldest known rwinsina of vertebrats—Wenlook forma 
tion—Fosils—Upper and Lower Llandovery groups—Lower Sileriss 
Yocks—Caradoe and Bala bede—The fauna—The Tellobite end wer 
structure—The Llandeilo series—The Arenig or Stiperstemes group 
‘The important fnuna—The Ordovician—The volownie series of Walre= 
‘The Lake District Silurims—Southern Highlani+—Furepeas Siluriane 
—Rusia—Bohomia—Gnited States Silurians—Canada—Barrandy's die 
trine of colonics, 


Classification of the Silurian rooks.—We oome next in 
descending onder to that division of Primary or Palwoeoie rocks 
which immediately underlies the Devonian group or Old Red 
‘Sundastone, 

Sir Roderick Murchison gave the name of Silurian to the 
strata beneath the Devonian, and it is clear that these great 
groups are distinct formations, for only twenty species of or 
ganixms, out of 392 which existed during Silurian times, lived 
en into the Old Red Sandstone age, Moreover, yhilet in 
Shropshire and Horefordshire the deposits of the 
Silurian strata and of the lowest Old Red mange 
there is evident unconformity in Denbighshire. < 

‘The strata undorlying the Devonian may be divided into 
many groapa, but there is no such a palmontological 
betwoon any in the succession, a8 there is between the Silurins 
and Devonian. In one instance, between two groups called 
Lower and Upper Llandovery (p. 430), there is evident unpeay 
formity ; yot one half of thespecies of the Lowor pass up into the 
Uppor Llandovery rocks, the paleontological 
siderable, Boneath the Lower 
tho Bala and Caradoc groups, and local 
traced botwoon them. Mr. Etheridge has carofally 
fauna ef these two groups, and finds that the greatest nmmber 
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that the Upper Silurian formation reaches down to the base of 
the Lower Llandovery rocks, and that the Lower Silurian rests 
tupon the Tremadoc strata, having the Arenig group ss ite 
lowest member. It is cortain that these limits refer te the 
greatest of the breaks in the series of groups, and it appears te 
be the palmontological break at tho base of the Arenig which 
prevents the classification of Sedgwick being adopted aniver: 
wall 


ly. 

‘Tho following table will explain the two principal diviss 
Upper and Lower, of the Silurian rocks, and the minor subd 
visions usually adopted, comprehending all the strata originally, 
but not sukwequently, embraced in the Silurian aystem by Sir 
Roderick Murchison. 


UPPER SILURIAN ROCKS, 
L ieee erty Sep 
Kluwer Ludlow bets =] } bo 
2. WesLock Formarios : 
a. Wenlock limestone and shale . 
6 Woolhope limestone and shale, Tazannon ale ra Dene atone 
bighshire gilts. ee} 
5 Ltasmereny Ponsearioer (Dell of phaiage Bike Opa 
oper Liandowesy Olay Ha bes 
Jandov . . 
apts iaetb dl ee }s0 


LOWER SILURIAN ROCKS. 


1, BALA Asp Cananoe Bens, including veloanie reeks oun 
2 Leaxnetis ian, including voleanie reeks 
4, Anexto on Stivne-svoxrs Gnovr, indlading ‘Volosate 


VEPER SILURIAN ROCKS. 


1, Zudiow Formation,—This has been subdivided into two 
parts—the Upper Ludlow and the Lower Ludlow. Each of 
these may be distinguished near the town of Ludlow, and at 
other places in Shropshire and Herefordshire, by Boca 
ganic remains; but out of 32 species found in the Leallow 
formation ax a whole, not more than five spocies per cent, wee 
common to the overlying Devonian, and nearly all of those are 
fish and Crustuces, On the other hand, 129 of these species 
lived in the underlying Wenlock duposits, 

Upper Ludiow, Downton Sondstone.—At the top of this 
subdivision there occur beds of fine-grained 
and hard reddish grits which were formerly referred | 
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Murchison to the Old Red Sandstone, under the name of ‘ Tile- 
stones.’ In mineral character this group forma transition 
from the Silurian to the Old Red Sandstone; but ita oy: 
amortained that the fossils agree in great part speciécally, and 
in Seer ce ey with those of the underlying Upper 
passing apwards, Among these are Or- 
latyahiama helicites, Bellerophon tritobutess, 
pein acca Crustaces of the genera Pterygotus, Bury 
pterwsand Styiomyra are met with ; and Fish—Cephalaapis, Pter- 
, Awchonaapis, and, Bwkeranpes, 
uf the Opper Ludlow. At the tas base of the Downton 
saniistonos there occurs a bone-bed which deserves especial 
totice as affording the moat anciont example of fossil fish occur 
ting in any considerable quantity. It usually consists of one or 
two thin layers of brown bony fragments near the junction of 
the Old Red Sandstone and the Ludlow rocks. It is seen near 
the town of Ludlow, where it is threo or four inches thick, and 
tian been triced to « distanco of 45 miles from that point into 
Gloucestershire and other counties, and is commonly not more 
than an inch thick, but varive to nearly a foot, Near Ludlow 
two bonv-beds are observable, with 14 fect of intervening strata 
full of Uppor Ludlow fossils.' Immediately above the upper 
fah-bed numerous small globular bodies have been found, whieh 
are considered by Sir J. Hooker and Mr, Carruthers to be the 
sporangia of a lycopodiaceous land-plant, Pachytheca sphaerica, 
Some of the fish remains are of the placcid order, and may 
be referred to the genus Onchus, to which the spine (fig. 527) 


Whe. 827. 


Bonebed. Upper Bilan) Ladies, 


‘The minute siales (fg. 528) may also belong to a 
fish. ‘The jaw and teeth of anothur prodacoous genus, 
Phactrosite mirabilis (fig. 629), have mig. sa, 


specimens of Fterampis is, Asi 
inline tds the techni tnnee eS Ga 


freginentary ‘al. site, 
Associated with these fish Seb. Cryer Lethe, 


+ Merrhisen’s Siluria, p. 10, 
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which have been and are still frequently mistaken for the 
dorsal spines of fish. He 


Grey Sandstone and Mudstone, &e.—The next subdivision of 
tho Upper Ludlow consists of grey ealeareous sandstone, or 
very commonly a micaceous rock, decomposing inte scft mud, 
and contains, besides the shells mentioned at p. 42%, Liagula 
cornen, Orthis orbioulari¢, « round variety of ‘o elegawtuta (fig. 
530), Modiotopsis platyphytla, Grammynia cingulate, all charac 
teristic of the Upper Ludlow. The lowest or mudstones beds 
contain Rhynchonella navienla (fig. 531), which ts common to 


Fig. 530, Pig 521. 


O@ 00 


“var orbcthar Bowe Upper aniiow, Minn se Ealioy boda 
this bed and the Lower Ludlow, Usually in Palwozoie 


Jumellibranchiate mollusca. But it is remarkable 
Tamollibranchiats shonld outaumber the Brichlopods in 
Upper Ludlow rocks, there being 50 species of the first 
only 27 of the last group, Amongst the genera are Arvcwle 
and Pterinea, Cirdivla, Ctenodonta (sub-genua of Nueula), 
Orthonola, Modiolspais, and Paleavea. 

Some of the Upper Ludlow sandstones are ripple marked, 
thus affording evidence of gradual deposition ; and the same 


Pestewerns Kuogielt, Sow, Asmiestry. } bat sti 


7. View cf both valves anited. 3, Longitodinal eeeticn terongh Bolly 
valves, sbowing the central pistes or septa. 


may bo said of the accompanying fine argillaceous 
are of great thickness, and have been provineially 
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stones.” Tn some of these shales, stems of Crinoiden aro founsd 
in wn erect position, having evidently become fossil on the spots 
where they grew at the bottom of the sea. The facility with 
which these rocks, when exposed to the weather, are resolved 
into mud, proves that, notwithstanding their antiquity, they 
are nearly in the state in which they were first thrown down. 

b. Lower Indlow Beds —The chief muss of this formation 
consists of @ dark groy argillaceous shale with caleareous con- 
cretions, havipg a maximum thickness of 1,000 feet. In some 
places, and especially at Aymestry in Herefordshire, a snbcry- 
stalling and argillaceous Limosto womotimen Pig, 033. 

50 feot thick, overlica the shale, and appoars 
rising above the denuded Lower Ludlow shales, 
It is not very continuous, so that the shales of t 
the Lowrr and the strata of the Upper Ludlow a j 
oe together around it, Sir R. Murchison 9 
lasses this Aymestry limestone as holding an | 
intermediate position between the Upper and 
Te im distinguished by the We 
Pentamerua Knightii, Sow. (fg. QE 

$32), also found in the Wenlock limestone and 
sialé. ‘This genus of Brachiopoda is exclusively £2", natin” 

ic. ‘The name was derived from were, Abeer 
prate, five, and prpes, meros, a part, beoanps both aoe are 


Ehypechoeelia (Terebretate) Witwent, Sow, nat see, Aymevtry, 


divided by « central septum, making four chambers, and in one 
Falve the septum itself contains a small chamber, making five. 
Gold these septa is onormous compared with those of any 
shell ; and they must nearly have divided the 
bere) into two oqual halves; but thoy are, noverthelons, of the 
game nature as the septa or plates which are found in the in- 
terior of Spirifera, Uncites, and many other sholls of thia order. 
‘Messrs, Murchison and De Verneuil discovered this species «is- 
persed in myriads, through a white limestone of Uppor Silurian 
age, on the banks of the Ia, on tho eastern flank of the Urals in 
Fiwaia, and « similar species ix frequent in Sweden. 
‘Three common sholls in the Aymestry limestone are— 
Dingvles Lewisii (ig. 633); Khynchonclin Wilaoni, Sow. (Sx. SIA), 
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which is also common to the Lower Ludlow and Wenlock lime- 
stomes ; Atrypa retiowata, Linn, (fig, 635), which has a very 
n 


er eka, | (ere Fett beep em 
wide range, being found in every part of the Upper Silurian 
system, and even ranging up into the Middle Devonian series, 
‘The Aymostry Limestone contains many 


shells, 
Brachiopoda, corals, Trilobites, and ochar t fossils, amounting: 
on the whole to 84 species, all 
three or four being common to 
beds either above or below. 
‘The Lower Ludlow Shale contains 
many large Cophalopoda not known , 


(Oana esp oa ‘iuata. 
iy. wat. eles. 
Ludlow age. 

Star-fish, as Sir R, Murchison points ont, aro by no 
rare in the Lower Ludlow rock, ‘These ‘Soadila, 18 nk 
cxtinet genera an now known in the Ludlow 
sented by 13 species, romind us of various living 


‘The two great ordare of tho class | Crustesom, ta sa) 
rocks are the Merostomata and the Phyllopeda, 
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dominate over the 'Trilobita, whieh were waning as m great 
yroup, und were destined to become gradually oxtinet during 
the Devonian and Carboniferous ages. 

Of all the genera of Trilobita so common in tho Silurian 
and Cambrian formations, only two, Homalonotus and Phacops, 


rg. 7, Pie, 628, 


Pragnent of vrvbecerwe Liskenag, 
3. fd 
survived the changes which introduced the Devonian formation. 
‘Six of the specioa of Mervstomata passed to tho Old Rod. 
Oldest known Yossi! Fish,—Until 1859 thero waa no 
‘example of « fossil fish older than the bone-bed of the Upper 
Ludlow ; but Ncaphais (Pteraspis) Ziciensis, Salter, baa boon 
found ‘at Church Hill, near Leintwardine in Shropshire, by Mr. 
JE Lee, of Cxerleon, F.G.5., in Lower Ludlow shale, This 
is of no small interest as bearing on the theory of 
development, because, according to Professor Hux- 
sley, the genus Pteruspis is ullied to the Sturgeon, and therefore 
Jow grado in tho piscine class. 


Femained wholly untenanted by vertebrate animals. 
¥, Wenlock Formation.—We next conie to the Wenlock 
which has been divided into a, Wenlock limestone 
and Wenlock shale; and 4, Woolhope limestone, Tarannon 
wade, and Denbighshire grits. 
a. Wenlock Limestowe.—This limestone, otherwise well known 
tw Pellesss by the namie of the Duiley Limestone, forms a con- 
in Shropwhiro, ranging for about 20 miles from 
SW. to N.E., about a milo distant from the nearly parallel 
eocurpmnent of the Aymostry Hmestone, This ridgy prominence 
fm due to the solidity of the rock, and to the softness of the 
whales above and bulow it, Nonr Wenlock it conaiste of thick 
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mises of grey subcrystalline limestone, replete with corals, 
Encrinites, und Trilobites. It is essentially of m comeretionary 
nature; and the concretions, termed ‘ bell-stones "in Skwopshing 
are ofton enormous, even 80 foot in diamotor. ‘Thoy are eom- 
posed chiefly of carbonate of lime, the surrounding rock being 
more or leas argillaccous.* Sometimes this limestone is oolitic. 
All the limestones of the Upper Silu- 
Finn are in groat lenticular naassen, and 
thin out so as to have their space 
occupied by the shaly strata of the 
lower and upper divisions of the «ame 
fpreat age. 

Among the corals? in which this 
formation is ao rich, 76 jes being 
known, the ‘Chain. ” Halysites 
catenwlarin (Gy, 559), may + be a 
out as one very easily recognined, and 
widely spread in Europe, ranging 
throngh all parts of the Silurian group, 
from the Aymestry limestone aie near 
tho bottom of the 
~umlarian Linn.«pt- Another coral, the Favosites "Oe 
landicn (fig. 540), is also mot wit 2 
in profusion, in large hemispherical masses, which break up int 
columnar and prismatic fragments, Another common form “ 

Pie 5. 


Pigs 880. 


Htolyites cate 
Dyyer and Lower suiarien. 


Favorites Goihlondior, Lass. Dodles. 
m. Portion of 9 tangs mime; Tees thar the 


Ont See eattaan spartan Oeleet 
Ls singed pr wrtlon, to ahow the pores end = a 
te arto in the en weit one 


tie Wenlock limestone, is the Osmphyma turbinala (Sg. O4l), 
which, like many of ite modern companions, reiinds wx of pome 


* Murchison’s Stluria, chap. vi. 
3 Including the Tatsiata and Rygnan, 
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cup-corals ; but all the Silurian genera belong to the palmonote 
type bofore mentioned (p. 392). 

Among the namcrous Crinoiden, several peculiar species of 
Oyathoorinus, Crotalocrinus, &c., contributed their dismembered 


Deeeceteetias? ey arma tee aa 
calcareous sterss, arms, and cups towards the composition of the 
Wonlock limestone. Of Cystoidea there are a few vory romark- 
able forma, most of them peculiar to the Upper Silurian forma- 
tion ; as, for example, the Pseudocrinites, which was furnished 


Fig. 48. Fig, $45. Tig. 246. 


Pheenges (Anophat) enderar, cocknr mires, 
WASTAS agri ms. an 
Wenlock and Lullow Rocka, cab 


pinnated fixed arms," as represented in the annexed figure 
42) 


preponderated orer most of the other 

groups, no lows than 22 genera and 101 species being found, 

Atrypa Barrawlel, Orthis wquicaleis, Siphonotreta Angtica are 
4B. Fortes, Mem, Geol. Survey, vol. i 496. 
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special forms; about 11 species pass up into the Aymestry 
limestone, Exatnples are Atrgpa retioulata and Othe de 


Tho Crustaces are ropresonted by Euryptoridm, which 
appear for the first time, including the genera Plerygotes and 
Eurypterus, and by Ostracoda and by Trilobites. The Trilolee 
Calymene Klumenbuchii is common, and it ranges from the 
Llandeilogroup to near the top of the Silurian, This carry 
coiled up like the common Wood-louse, and this Ee 
a circumstance among certain genera of ‘Trilobites aa to Sead ax 
to conclude that Sascrnan tava habitually Seneca 
mode of protecting themselves when alarmed. 
punctatus, Sphverceorhus minus (Gg. 546), ia spade 
rolled up, the forehead or glabella of this species being t- 

Fy. ur. tromely inflated, The other 
is the Phacops caudates (8g. 45), which ie 
conspicuous for its largo sisa and Matheael 
form, In the genus Hewulorotes the ti 
partite division of the dorsal crust ix almat 
lost (soe fig. 547); it is charnctoriatic of this 
division of the Silurian sorics. 
Wealock sale.—Fine grey anil black 
shales, with most of the fossils ounmmon 6 
the overlying limestone. In the Malven 
district it is o mass of finely levigated apt 
ig. 265, 

Hommes ae 

SS oars 

Incoous matter, attaining, according to Profeasor 

thickness of 640 fect ; but it is sometimes more than 1,000 fet 

thick in Wales, and i+ worked for fagstones ani slates The 

provailing foasils, besides corals and Trilobite, and sumo On 

noidoa, are several small species of Orthis, Atrupa, atsd Feige 

chonella, «nd numerous thin-shelled species of 4 

About cies of Graptotite occur in this Ce 
lithe Flemingis boing charactoristic, whilat @. priodon | 
ranges through into the Ludlow group. These Hydrona vil 
be considered further on. 

b. Woolhope limestowe underlies the Wenlock shale, and oom 
sists of grey shales, with nodular limestone, It is well see in 
the valley of Woolhope, and at Malvern thors ix meh sale 
beneath. The chief fossils of the Woothope limestime 
cipally Crustacea, all of the Trilobite group, and Brachiopoda. 
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in Gloucestershire where thoy are so well displayed, appearon the 
const of Pombroke at Marloes Bay, They range across South 
Wales until they ate overlapped by the Old Red S pheremt and 
emerge again in Caermarthenshire, and travel north-east ax a 
narrow strip at the base of the Upper Silurian acries, fom a 
few feet to 1,000 feet or more in thickness, as far a8 the Long- 
mynd, whore, as a marked conglomerate, they round that 
wucient Cambrian ridge and disappedr. (Geikie.) Tn the course 
of this long tract they pass successively and unconformably over 
Lower Llandovery, Caradoc, Llandeilo, and Cambrian rocks 
‘Thoy conaiat of brownish and yellow sandatones with calcareeas 
nodules, having sometimes a conglomerate at the base derived 
from the waste of alder rocks, 

The fauna of the Upper Llandovery rocks consists of 200 
species, and only 91 of these do not pass up into He Wenkedk 
group, so that the physical Sooen) a the twa sro 
accompanied by no alcsiet el Ee 
Lamellibranchinta become. of sei at in this fous, | 
the Gasteropoda of the genera, Holepela, Acroculia, fe 
phidoma, and Turbo also, ‘Tho Brachiopoda number in ane 
more than double those of any other class, there being & 


Prntimarus oblaagus, 50m, nat, vise, Upperand Lewor 
a hv obeyed in Murchisen’s “Si, 
© Westen porno of shel perusing. aol withthe hollow ths eesiaskagan 


cane 
of ® valre, the rpace 
«a ots tars i 


apecies, Sosteaing Pn Pantamerus oblongus (ig, 549), 8 
lirata, S. lens, Orthis calligramma, 0. elegantula, 8 
compreaa, Amongst the corals Feresites and Heliol ite 
The first Echinoid occurs, Polechinus Phillipsiie, 
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subir One against the other and do not overlap. Teataculites, 
“Annalid, in found (Bg. 881), and Cornuliteraho, 
Pinbrmervs oblonjus, accompanied by Stricandjaia lira 
Tig, 4. Pip. 62. 


Traecculites ownnbatus, Seliot,  Tetert 

relies (Pater isons” Uber tadover, Haat 
‘Sataral stee and magnifiel. 

fg. 550), have a wide goographical range, being also met with 


in the same part of the Silurian series in Russia and the United 
States, The Trilobites are of the 


disturbance of 


i 
i 
L 


0Ncateadinke (Pmboandran) 
was not of sufti- The lower fenre 4 & tranerere section, 
) duration to cause ‘apaiedes =: 
@xtinetion or migration of tho ollor fauna or the inteu- 
a perfectly new one. The physical change in all 
not very widely felt. 

are numerous inn the Lower Lisudovery 
@ genera Pentomerus and Strickiendinéa appear for 
re 


te 


i 
: 
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the first time ; the species with the most namerous individnaly 
being Biriilendivie lena (fig. 552), 8. Tirata, and Pentomerae 


remarkable, because no less than 18 species past rf 
group of strata from lower rocks, and 10 piss upwards into the 
Upper Llandovery group ; and this passage of forms is mutkol 
also in the Actinozoa, but in a grenter degree, The Graptoliter 
are very rare in the English Lower Llandovery strata, 

It appears that the Lower Liandorery strata, having a ered 
the half of which lived on, in the Upper Liam 
and 105 species of which are also found fosail in the phew 
Camdoo or Bala strata, are occasionally unoconformable to these 
lovxt. The importance of this palwontological continuity, mato 
cinted with unconformity, may be ostimated by the fact that the 
underlying Caradoc formation contains 614 species, and thes 
one-sixth of the fauna transyress, 


LOWER SULURIAN POKMATION, 


This formation ia divided into—1st, the Bala and Carade 
group; 2nd, the Llandeilo Flags; and, Srd, the Aresig @ 
Lower Llandeilo series, Tt corresponds with the Upper Camy 
brian of Sedgwick, 

1, The Mala and Caradec Group.—Tho Caradoc Sasl- 
atone waa so named by Murchison, from Caer Caradoo i 
Shropshire. It consists of shelly sandstones of yreat thickness, 


Wg. 802. Tig. 4, 


Sow. 
xX ‘Canela. ood Walon” 
Ne Fork 5 
pan 2 tat. sine. Sass: 


sometimes containing much calcareous matter, In 

district there is an upper and a lower limestone, with 

mediate sories of sandy and slaty strata; preying 8 
haus # great extonsion in North Wales, 
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eee nee ee coil ae canbe af 
Brachiopeda, and Aiivohaoiana) randia (e550) 5. ORs, 
Orthis plicata, and Rhynchouella nasuta aro amongst the charac- 


eee ear tne tasers the cutee ouinenas as 
uf every country, Their proportional numbers can by no means 
be explained by supposing them to have inhmbited seas of great 
depth, for the contrast between the Palwozoic and the present 
Mate of things has not been essentially altered by the late dis- 
‘coveries made in our deep-sea dredgings. We find the living 

so Tare ns to form a very «mall fraction of the 
whole bivalve fauna; whereas, in the Lower Silurian rocks, where 
the teach their maximum, they are greatly in excoms 


‘of the Lamollibranchiata. 
There Indeed, bo said (with the exception already 
continued decrease of the proportional number 


tetera up ciate 
are very numerous, and amongst the 53 


ars found in the Palwcmic rocks, beneath the 
2 | Te was at ita maximum of numbers in the Cardoo 


vr? 
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shield produced (fig. 557), and Woodward has described the 
mouth, which has an upper lip, a maxilla, und a palpas, or 
“feelor.” 
Tn 1870 Mz, Billings suspected, from the appearance of & 
specimen found in Canada, that the Trilobite was provided with 
ss. 


aaa 


An RB 


‘Tomug tai tus of rdnecn cow 


«oe "Fong th cpl 
‘sh Tongmifed : the boy 

hot aeall developed. e 
4, A tlie older, One thorax folat. 
6 Bell more advance, Thrve tho- 


ayn. woe ryt ie 


reba Welles Stropendrds 2 


ight logs ; it appoara, after tho resoarclies of Waloott, dat arr 
semi-caleified arches in the membrane of the ventral wurfiace of 
body support a row of jointed appendages on either aide of =a 
middle line, like two sets of jointed logs with a claw. Moree" 
the base of each log appears to carry another and smaller join” 

‘On either side of the body and outside the * legs? 
Vifid, spiral, yill-looking bodies, An Asuphus, ey 
Mickleborough und Wales ae 6 Bare i ena 
‘beneath the thorax, 1 beneath the sania 
pygidium. ‘The appendages show soven j ct to 
Numerous small filaments represent the net 
Calymene. Billings decided that an Asaphus bad’ Te 
appendages to cach eogment of the thorax, and jode en ier 
abdomen proper. Tho head-shield is made up of 4 coreliral 
glabella, and of two side portions, and there is 
—between these and the glabella, close to « sufface called: 
fixed cheek. The eyes, crescent-shaped, or pepe 
nutnber of feeets upon them, and are wan! in come geen 
Agnostus, Ampyr, and some Trinueleé (fig. 807)) for instance 
and ia sane species of genera which have forma with | 
Sous geners have mouth and ayes. ‘Trilobites at 
morphosis, and Rarrande traced more flint species 








i 
i 
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i 





group. 

am rule, and became extinct during the Devonian age. It is 
to note that the Blastoilen, of which Pentremites is 
well-known Carboniferous genus, began to flourish when the 
Gystoides began to seriously diminish in numbers, and gained 
their development during the Carboniferous age. AlL 
were Palmocoic. Crinoidea existed in the Caradoc age, and also 

Astervides of the genera Paleuster (fig. 558) and Stenacter. 
About 38 species of Graptolites occur, and 16 of these came 
from lower rocka ; they aro chiefly found in peculiar localities 
where black mud abounded, The formation, when traced into 
South Wales and Ireland, assumes a groatly altered mineral as- 
poet, but still retains its charncterintic fossils, The known fauna 
“oo Seismthempbeyl gaand comprises 614 species, 376 of 
‘are peculiar, and 105 pass up to the overlying Llandovery 
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73 species came from the Llandeilo group below, Tt 
y of remark that when these strata occur under the 
form of trappean tuff (volcanic ashes of De In Becke), as in the 
crost of Snowdon, the peculiar spocivs which distinguish it from 
the Llandeilo beds are still observable, Tho formation gene- 
rally appears to be of shallow-water origin, and in this epee 
is contrasted with the group next to be described. Sir A. 
Ramsay estimates the thickness of the Bala beds, ie 
contemporaneous voleanic rocks, stratified and 
being from 10,000 to 12,000 fect” 

2, Mlandeito Groap—These strata at Llandeilo, a town in 
Caermarthenshire, consist of dark-coloured argillaceous and 
micaceous flags, frequently calcarvour, with a great thicknes 
of shales, generally black, below them. They are also seen a 
Aboreiddy Bay in Pembrokeshire and at Builth in Radnor 
thire, where they are interstratified with volcanic matter, They 
aro conformable with the overlying Caradoo group. 

A atill lower part of the Llandeilo rocks Soa a black 
carbonaceous sinte of great thickness, ae containing 

Fly. 40, 


baat steel 


Linndeilo dags, Wales, 


ee ee 
Yi. 062, Ce | an 


Boies Barrands 
iL pee 
bese Ot 


‘Sootdand; Dobemin ; Saxony 5 
‘Linndetle fags, 


sulphide of iron, and nso = eaten 
anthracite. It has been conjectured that this carbonaceous 
matter may be due in great measure to lange quantities of en- 


‘bedded animal remnins, for the number Oe 
in these slates is certainly very great. In ‘South 
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Wales 25 ies of Graptolites occur in the Llandeilo flags. 
‘The double ites, or those with two rows of cells, seh as 
Diplogroptas (tig. 561), Climacograptus, and Dicranograptus, are 
conspiovous, Didymcxraytus (Gg. 560) is « branching one-colled 


‘The leaf-like Phyllograpti (fig. 563) and the remarkable 
carved form Rastrites (fig. 502) are found in the Lower Silurian, 

‘Tho Brachiopota number 34 species, and 23 juss up into the 
Caradoc Sandstone, and five gonora appear for the first tine, 
Acratreta, Orania, Rhynchonella, Strophomens, and Lepteha, 

The Lamellibranchiata are Cavdiola interrupta, Modiologsix 
crpernad, Otenodonta wrricoet, aml Palmarea amygdala, Some 


Cremeans ite fare ty the rarneva of « parton of the sanahered che 
1 the mise sett kn a transrorse seetiow of the abell, 


the Caradoc, and the genus Canliole appears for the first 
Murehisonta aud Ophilota ore common Gaateropoda, 
the Pteropods are species of Theea. Cephalopoda are not 


mimon in the British Llandeilo formation; but Orthoceras, 
and Pileceras are usual geners, On the Continent uf 

the Orthoceratidm are very common (fig. 564), 
gener Asophue (6g. 5605), Ogyyia (fig. 566), and Trinw- 
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Pleurotomaria, Rhapkistoma, new genem of Gnsteropoda. Orthe- 
eoraa occurs, and there are four species of it in the Welsh and 


a coy ‘base of Tet os Silurian system—a allt Pats by 
thickness: 


bat i aes the changes in animal life of 


eg ealvependens alpaatd to 
appa ve stata, ¢ 


pats Woh 
ima ep a Reece accaty Cedar Lik the Anise, Anly 


chtoeriba ot voleanic islands, such as Sicily anid 
Fave, we s00, at the present time, the most active of ull known 


+ Seo Appendix. 
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contorted strata, which have boon worn and denuded 
Bills of moderate height, and deop valleys. In the Girvan 
district there ate, besides conglomerates and metamorphosed 


fn the greywacke, and, although they cover a vast area, are 
comforted, often reversed, and highly fossiliferous. Lapworth 
‘bas shown that there are three horizons of these black bands, 
which contain « profesion of Graptolites, Tho highest, or 
Lower Lisniovery—tho Birkhill shales, contain zones of Ros 
trites, Monograptus, and Diplograptus, and there is a decided 
break between this horizon and the next below, 

or the Hartfel! shales, which are of Bala ge, and contain 
Diedilograptis, Pleurograptus, avd Climacograptus. Tho Glen- 
kiln shales are upper Liandeilo in age, and contain Didymo- 
They sre the lowest Silurian rocks in this part of 


Ludlow age, and probably their lower portions 
the Wenlock period. In the north-west of Scotland the 
Assynt limestone contains foasils which give it an Arenig age. 
‘Buropean Silurian strata.— Silurian sirata cover vast 
and they vary much in thicknow. ‘The thin. 
to be from the Welsh area to the north-east ; 
of South Scandinavia are only 1,200 foot thick, 
disturbed, All the groups, including thoae 
the Llandovery, with Pentamervs, are present. 
‘bolow are of Caradoc age, some Lian- 
vor, being found in them ; moreover, Penta 
rwsches up into the Wenlock, A Gruptolite- 
with the Trilobites Asaphus and Trinuclews, 
\Ceratopyge-Kalk with Orthoceras duplex and 0, anwulatwm, 
Delongs to the Llandeilo. ‘The Arenigs are represented by 
Graptolite schists, and these rest upon Alam schists. 
‘Rosia the Silurian strata cover vast districts between the 
the Ural Mountains, and, except near these hills, 
they aro horizontal, unaltered, and shallow. ‘The groups of the 
Upper Silurian are present, and the Llandovery (Petamerna) 
rocks are at the bare. They cover the Carsloo series, and 
Mandeito of the Lower Silurian, Arenigs being at the base. A 
Timestone fall of glauconite grains underlies tho Orthocoratite 
Timestone of the Liandeilo, and reste on a glaweonite sand, with 


iif 
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{Sisesrn Groxp Wenlock. 
Clinton Group rs 
‘Wiagara. om Sandstone, ie } freee 


Huda River Group ) 
veg Le Silurian of Cara- 
‘Treedon Group \ lovand Baln, Llandeilo 


—— Furma- 


ea 


ons. 


een 
Co 


Blowuenbochii, tus delphit i 
trilobites ; ease tne ae Retzio Ne Onthis 
dleqantivle, Poutamerve goleatus, with many more brachiopods ; 
Orthoceras annulatan, amongst the cophalopods ; and Farosites 
Gethlandica, with other large corals. 

‘The Clinton Group, containing Pextomerws oblonque and 
Stricklandinia, is the equivalent of the Llandovery Groupor beds 


"5 * ee diay et etioepene fas 
several species of trilobites, such aa 
Trinwelews eon 1 ah 


in 








CAMBRIAN ROCKS. 


CHAPTER XXVIII. 


GAMMRIAN, FIME-CAMIRIAN,, AND LAURENTIAN FORMATIONS, 


Clamifiontien of the Cambrian group—Uppet Cambria rck»—Trersailee 
Mates ant thelr feesils—Linguln flyes—Lower Cambrian recke—Sfene- 
wlan bole—Longmynd group—Hlarlech grits, wish large Trilobites— 
Ldanberis slates—The succession in the North-west Highlands—Cambeian 
rocks of Hobemia—Primordial eone of Rerrande—Metamorphoss of 
‘Tribbite—Cambriin mete of Sweden and Norway—Cambrian rocks 
of the United Stste: and Canada—fotsdam sandstone—Pro-Cambrian 
series —English amd Welsh PreCambritns—Canadian, Huronins eertes— 
aureniian grou upper ani lower—Bizwon Camden, obest kaon 

foetl—Fumlamental gneiss of Scotand—Other gnemdc areas—Archaean 
oiaas wee 


CAMINIAN FORMATION, 
ervup is separated from the underlying and conform 


ou Tromadoe strata by a fairly marked palwontolozical break, 
and the strata of this last group are placed at the top of the 
Cambrian formation, The foll following is the succession of the 
Cambrian strata -- 


UPPER CAMBRIAN, 
TRIMAION ALATIN (Primordial of Barranete io port.) 
LameUA FLAG (Primordial of Barrunda.) 


LOWER CAMBRIAN. 
MESKVAN KDR. (PHmardiol of Barrunde.) 


rosanrap anoue {f flarlecl Grits 


Urren CaMBniay, 


‘Fremadoce Biates.— The Trimadce slates of Sedgwick are 
more than 1,000 feet in thickness, and consist of dark earthy 
gruy alates near the little town of Tremadoc, situated 
On the north side of Cardigan Bay in Cacrnarvonshire, 

Thoy wore traced nabsoquently to Dolgelly, and of Inte years 
strate of the same ago have been diacoverwd and carefully ex. 
amined by Dr. Hicks, at St. David’s promontory and Ramaoy 
Inland, South Wales, where there ary dark oarthy flags and 
madstones 1,000 feet thick, with many fomil, They rest 
conformably upon thick Lingula flags, Subsoquently Mx. 





dit drocrinus and Asteroid Paleasteris 
lf * sericeum and Cyrtoceras pravcox are 


Fig, 972, 


Cyrtoceras precoz, Balt. mag. 
‘Liandeilo and ‘Tremadoe rocks, Ne Wales, 


Dorma elge, place of siphuncle. 
©. Aperture." ¢, Ventral edge. 


the Lamellibranchs Ctenodonta, F 
and Modiolopsis are the first know 

| to the genera which existed in t] 
species Lingulella Davisii and Ort 

Obolella and Lingula, are common 

Wales Tremadoca contain 9 anacies 
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E. Darin discovered the Lingulella (Sg. 575) named after him, 


wml from which was derived the name of Lingul: 
beds are more than 5,000 fost thick, andl Layette steciod 


prenuntius, 
1) Olena inpar (2), Lingulella Ducirii, Ly 
wig. 570, Wig, 876. 


Rpaiatents wretoente, sae Dania, Cdennas eatorwres, 

A opie Gna tip, A matunral ete, 
*Lingula Flags’ of Dolgaly, and Téewtiniog, 8. Wales, 

us, Oolella, ani Orthis, Tn the Lingala flags Olenwa (fig. 676), 

icrodisous, Parndorides, ani Conocoryphe 


sociale, which 
‘occurs in the dark shales of Keys End Hill, Malvern, and in 
North Wales. Two genorn of Annelida arv also found in 


reat conformably on the Menevian strata, 
id, occurs, and Scofioderma and 
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cloven miles ; whilv in Angleses and on the Menai Strnits, beth 
they and the Tremadoe beds aro entirely alwent, and the Lower 
Silurian rocks rest directly on Lower Cambrian strata. 


LOWER CAMMRIAN, 


‘Menevian Bods.— Immediately beneath the 
there occurs a series of dark-grey and black flags and 
natingat the uppor yart with aome boda of 
reaching a thickness of from 500 to 600 feet. These 


to whose exertions we 


foe th ndxciviog Longe eee 
rom the wm 

‘They therefore proposed to these 
beds, and it seems to me with reason, at 
the top of the Lower 

the term ‘ Menevian,’ Monevia being the 
classical name of St. David's, The beds 
are well exhibited in the 


jenevian bedky 
4. Davies wd Dotgeaty, 


common to the overlying 
but none pass up to the Tremadoe beds. 
ond 32 species of Trilobita oo:ur, and some forum are a 
size; Paradorides Daridis (seo fig. 577), the Inrgeat 
known in Groat Britain, 22 inches or nearly 2 feek 
peculiar to the Menevian, and the gigantic P, arene also. 
other genera are Agnostis, Anopoleuns, Conocoruphe, Holecepiit 
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ade the fauna. The discovery and description of this re- 
fae re ley ada lr 


 Lonemynd Group.—Oldor than tho Monevian bods, and 
© to them, are a thick series of olive green, purple, 
, and parts of Ireland and Seotland. They 
called by! Profemor Sedgwick the Longmynd or Bangor 
‘comprising, first, the Harlech and Barmouth grits and 
tones ; and secondly, the Llanberis slates. 
grits and Zlanboris slates.—The sandstones of 
attain in the Longmynd Hilla a thickness of no loss 


wae grits and conglomerates found in North and South 


Pig. 578, 


a 
Mirtioderme Mierwica (in.). Oldanta bols. Bray Tewt, Lretind, 
et te ia 
extremity of tabe with five iranereese ines, 

interposition of voleanic matter ; in 
in Morionethshire they aro still thicker, Until 

ly these rocks possessed but a very scanty faunn. 
With the exception of five xpocies of Annelidé brought to 
by Me, Salter in Shropshire, and Dr. Kinahan in Wick- 
ye, and an obscure form of Crustacean, Paleopyye Ramsayi, 
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these rocks were supposed to be barren of organic remains. Now. 
however, through the labours of Dr. Hicks, they have yickled® 
at St, Darid’s o rich fauna of Trilobita, Brachiopods, Phytlo— 
poda, and Pteropoda, showing, together with other fossils, the 
existence of a by no means low series of organisms at thin 
very carly period. Already the fauna amounts to 29 species, 
referred t 16 genera; of theac 8 xenera and 12 species are 
common to the Menevinn Group abaye; ‘a * says 
Dr. Hicks, ‘far greater than we usually find between two 
groups #0 dissimilar in lithological characters and eomsprising 
80 great a thickness of strata,’ 

It is one of the many proofa that the ently formes of life were 
leas influenced by the struggle for existence, which became 
sererer with timo, 

A now Trilobite, called Plutonia Sedywickit by Dr, Hicks, 
has beon met with in the Harlech grits of St. Davills 
Tt is comparable in size to the large Para- Pie san, 
dogides Davidie before mentioned, has well- 
developed eyes, and is covered all over with 
rough tubercles. In the sate strata occor 
other genera of Trilobites, namely, Cono- 


Chithamnta radiata, Porters 
i Ctaharis 
‘Wicklow, Ireland, Wwiahiow 


coryphe, Paradovides, Microdisous, Aiiostus, and the 

‘Theea (fig. 573), all represonted by xpecies peculiar oes 
lech grits of that ares, The sandstones of this formation aw 
often rippled, yn on el 
the surface was dricd by the sm and made to shrink 

sont aun-eracks, There are also ee 

drops on the surfaces of many strata. Fe ae 

in the Harlech group of St. David's in me lower 

that immediately overlie the conglomerate at the 
Cambrian formation, The only forms yot found, aro 
Sersuginess, L. primeea, Leyenitia Cainbrensis, and 

faiesis, These, with some Annelida, constitute # 
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fauna in England, and, with the exception of Eoroon, prosently 


Peete rasiecs aad Tarnocts bode lack mentdoned, for they 
‘may represent the deposits of fine mud thrown down in the same 
ses, on the bordors of which the sands above mentioned were 
peeertie: ESD ep erp dbo Pandion a 
immediately and Cuernarron, two 
MeaisTine teen founda which the late Professor 

gave the name of Oldhamia (figs. 579, 580). The 


i i Lingulella, pass 
and a similar indication of a physical 
Wales, nccording to Dr. Hicks and 

Below, are rocks the age of which is debated 


Scotland succession.—The North-western 
ee metland conta, ‘as has boen already noticed, limo- 
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sandstone, dc. These three seta of strata are the Assynt sories, 
and the sandstone is called Torridan. The wpper or newer 
gneiss in the Caledonian, and Ube older or “fundamental” is the 


considers— 
gneiss was laid down unconform- 
ably upon the Hebridean, so that instosd of its being Silurian 
in age, it is older than Murchison's Cambrian. 

2 Levolling of the country occurred, and the Calodonian was 
faulted down to the East along a 8.8. W. line, and what waa leften 
the up-cast sido (Weatwards) was denuded off. Hence the country 
or sea-tloor ut that time had two gneisses separated by a line of 
foult, and tho Eastern gneiss, or Calodonian, wan the latest. 

3. The Assynt series was deposited on the Hobrideas, and 
being derived from the wear and tear of land to the West, the 
deposits thinned out Eastwards, so that only the attenuated ex- 
tension of its strata passed beyond the fault on to the Caledonian. 

4. Upheaval of the Caledonian gnoiss occurred along the ld 
line of fault, and parallel faults were produced near it to the 
West, The overlying thin Assynt strata were fractured from 
‘their main mass. 

6. Lateral thrust from the East forced the Caledonian, 


up beyond thefault so asto double back the Assynt: 
lie them for some distance, At the same tiooy nasal 
of Hebridean, lying to the West, was in like manner thrown 
over on to the quartaite and dolomite. 
6. Denudation of the Asrynt rocks, Rest of the great fault. 
This theory indicates that the Silurian strata werw not meta- 


rooks being the product of 

Tr b tc be olgcevod that Granihe tad Byeatiog tesceieaae 
the Gnoisses, and a Porphyry passes into the Amynt series. 

Cambrian rocks of Bohemia (/rimordiol Zone of Bareande). 
—We have already seen, Then testing hs 
Bohomia, p. 444, thatin the your 1846 Barrande gave 
Ftage 0 to the earliest Sra cn 
‘This tage C or primordial zone is now proved to be 
lent of thow subdivisions of the Cambrian groups 
boon above described under the naues of 
Flags. M. Barrande found in Btage C, in 

ides, Cunocoryphe, 
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‘One of tho ‘primondial * or Upper Cambrian Trilobites of the 
genus Sao, a form not found as yet clsewbere in the world, 
afforded M. Barrande a fine illustration of the metamorphosis 
of these creatures, for he traced them through no lees than 
Frasils of the Koweat Poosiifervus Bods in Birhewia, or * Primerdiat Zone’ of Barrande, 

Tie. 82 


Conocoryple vinta, Sym. 
Concerphalss 
tomar tse. =a 


Pig. $85, 


9 8 


Permpeas Bhasin, Bern, Apc niepe, Desi dgeedus Dou Dar. 


peepee their development. A few of these changes 
‘been selected for representation in the aceompanying 


Besides the important Trilobita, there are two gener ol 
Brachiopods, Orthis and Orbieulo, « Pteropod of the genus Theo, 


the facial setires are 
we tho fierce ‘sofmai bail Tes 
tire alae, Us sh 


‘and four Cyntoidea. Bencath tho Etage C, are very thick schists, 
conglomerates, quartzites, alates, and ignoows rocks overlying 


‘Cambrian of Sweden and Norway.—The Upper Cambrian 
‘Weds inn Sweden aro the ‘alum-schists.’ These schists contain 
“Feilobites belonging to the genera Parmdoxides, Olenus, Agwosts, 
and others, some of which present rudimentary forms, like the 





ments oxcessi i 
recently found in Sweden, the Paroderides Hicksii, the ‘walle 
known Welsh Lower Cambrian fossil. 

At the base of the Cambrian strata in Sweden, which in the 
neighbourhood of Lake Woner are perfectly horizontal, lis 
ripple-marked quartzose sandstones with worm tracks and 
annelid borings, like some of those found in the Harlech 
of the Longmynd. Among these are sone which hare 
referred doubtiully to plants. ‘These are the *fucoid sandstones” 
Paria nahi deemrhrnsiarg cn oe 
excoed 300 fect, from the equivalents of the Tremadoc beds 
to these sandstones, which seem to correspond with the Long- 
mynd and are reyarded by Torell as older than any fossiliferous 
primordial rocks in Bohemia. 

Cambrian of the United States and Canada—Acaiien 
Series and Potslam Sandstone.—This formation is of Yast thick 
noas, but thins out to the West and South, so that it is, as we 
learn from Sir W. Logan, only 700 feot thick in Canada. ‘The 
upper part consists of sandstone containing fucoids, and 


Cham at Kevsville, 
ieee a Se nit, pars 
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_ Recent investigations, by the naturalista of tho Canadian 

have shown thatslates and schists of Potsdam 
Sandstone age extend from New York to Newfoundland, and 
ee eee P Reaecn cag trey in specter thee 
found in the Earopean Cambrian strata. 


Asmerican Pro-Cambrian evoke is not known, 


light-coloured 
Ie aed tected. mes, en rnglomenls are found, and 
‘ako contemporanoous lava in the form of felstone. The upper 
beds are red and purple ashy schists. ‘Tho Pebidian series reste 
uncouformably on the next group, and has a different structure 
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imagined, in reefs. Parts of the original skeleton, consisting of 
carbonate of lime, are still preserved ; while certain interspaces 
in the calcareous fossil have been filled up with serpentine and 
white augite. On this oldest of known organic remains Dr. 


587, 588) ; its wntiquity is such that the distance of time which 
separated it from the Upper Cambrian period, or that of the 
Potsdam xandstono, may, says Sir W. Logan, be equal ta the 
time which elapsed between the Potsdam sandstone and the 
Numunulitic limestones of the Tertiary period, Another organic- 
Jooking form somewhat resembling a cast of n chamber of a 


Pig. 387. Pig. BR 


jctsay showing the argcrssceet sorcois prolougalioaa (kee Sam 
owe bain ina Gesaliied state) Swloniterons fesse. 2 
Fi Sat Deslaied portion of nataral rock; showiugevee pm and hae 
foraminifer, has been found, and, moréover, graphite ix mot 
uncommon. 

‘The age of the gneissic rocks of the continent of Europe, of 
Hindostan, and of the Himalayas, iv still a question ¥ery mich 
debated, and one which will not be settled 
very elaborate geol 


Sar tit soca vote oe ee ee 
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to the existence of organic beings, Admitting, they say, the 
obliterntion, in some eases, of fowils by plutonic action, we 
might still expect that traces of them would oftener be found 
in certain ancient systems of slate which can scarcely be said to 
have assumed a crystalline structure. But in urging this argu- 
ment, it seems to have been forgotten that there aro stratified 
formations of enormous thickness, and of various ages, some 
them even of Tertiary date, which we know were formed 
the earth had become the abode of living creatures, and 
fare, nevertheless, in somo districts, entirely destitute of all 
vestiges of organic bodies. In some, the traces of fossila may 
have boon effacod by water and acids, at many successive 
periods ; indeed, the removal of the calcareous matter of foasil 
shells is proved by the fact of such organic remains being often 
replaced by silica or other minerals, and sometimes by the space 
mee ovcupied by the fossil being left empty or only marked by 
A faint impression, 

Tt must be remembered that (excepting Eozmon) the earliest 
known fossils are Brachiopoda, Pteropoda, highly 
(Crustacea, and Annelida, These can hardly have been the 
primitive forms of life, and their precursors doubtless have not 
Wdescended to us ax foasila, in consequence of the metamorphism 
of their ied rocks. 

‘That there was an Azoic age before the globe was in a 
condition to support organic life hardly requires noticing, but 
there are no positive proofs of it afforded by olaarvation, 
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Volcanoes are occasionally sub-marine, and build their way 
up to the surface, being exposed to the action of waves and 
tides. Some volcanic eruptions, especially those of the remotes 
past, took place along linea of fracture of tho earth's oruite 
and lava welled out, and sheets ond flows were produced on = 


Tart of the chata of extfact volowmots called the Mont» Dine, Auvergue. (ere 


grand scale without the formation of cones, Ancient volcanoes 
were ms lange as the modern, and as active, and followed the 
Jaw of occurring on rising areas, Denudation has, 


estimated, All through the earth's history, internal 
presence of water in deeply seated rocks and of ‘great prossure, 
have developed voleanicity. And the geographical 
of volcanoes has been near great mountain chains, and not very 
remote from the sea, 

At the present time, volcanic matter, in the form of Tava’ 
urate forth under certain ciroumstances through the body of 


ee 

"fai ss Sue af the pret neck cf the Bl. 
the volcanio cone, or if it doos not come to the feserighec 
fies within, and is called a dike, Similar outburste | 
formerly, benenth the surface of the earth, anid 
tock were injected through and between, pepiiee rac 


ahinterserst sa 
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strata. They are recognised as necks, dikes, in- 
‘trosive or dnbseynent tows, and contemporancous flows. 

Necks. —The ancient vents of volcanoes proservod aa * necks," 
and the remains of the ash and lava, or basalt, c., are to be 
seen in many sections, and frequently have participated in the 
-curring and folding of the surrounding rocks. 

‘Tho necks, often of great site (tig. 001), consist of wentary 
voleunte rocks, agglomerntes of fragmenta of basalt, felaite mixed 
with taffs, and even of pieces of the strata burst through by the 
voleanic matters. The main mass may consist of solid basalt, 
cliabass, quartz porphyry, and is often acidic in character where 
‘the surrounding lavas are basic, 

Voleante or Trap Dikes.—The lending variotion of the vol- 
canto rocks, basalt, andysite, and trachyte, for example, are soue~ 
‘tines found in dikes penetrating stratified and unstratified for- 
nations, and these are examples of intrusive or subenyuent volcanic 
ejections. Firmures havo y been spoken of as occurring 


Tig. 2, 


Me 


Pad 


eats eters bear Pras ea (Prom 6 dimetog ot 
kinda of rocks, somo a few fect, others many yards in 
‘ned oftes filled up with earth or angular pleces of stone, 
mad nnd pebbles, Instead of such materinls, suppose 
‘of melted stone to be driven or infected into an open 
‘consolidated ; we have then a tabular mass re- 

Te te not uncommon to find 


Fs many ‘of Scotland, 
Reise ce Arran and Gye, and ‘i line poatavah 
un 
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the middlo part, and occasionally the surfaces in contact with 
SARS aes Cony: Colunmnar structure, spheroidal ateucture, 
nad jointing occur in the flow, 

Rooks altered by voloante dikes, (intact Metamorphivne, 
—After these remarks on the form and composition of dikes 
themselves, I shall describe the alterations which they some- 
times produce in the rocks in contact with them. The changes 
wre usually such as the heat of melted matter and of the en- 
tangled steam and gnses might be expected to cause. In some 
el elle lesealemaea ips ocala? 


eer Nacyit: Dike cutting through shate—A siciking extn 

ple of contact motamorphiam, near Plas-N 
has been described by Professor Henalow.* The te is 134 feet 
wide, and consists of a rock which is a compound of triclinic 
augite. Strata of shalo and angillacens limestone, 


part of its schistose structure, but the separation 

parallel layers in still discernible. In soveral places tho 

is converted into hard purcellanous jasper, In the moat 

hardened part of the mass, the foasil shells, principally Producti, 

aro nearly obliterated ; yet even here their impressions may 

wently be traced. The argillaceous limestone undergoes 
mutations, mae te ft hein I? as it ay 


Mepcatsave canis roel we tetepcetion ore which 
may have derived from the decomposition of the fossil 
or Producti, The same mineral has been observed, under 
analogote ciroumatances, in High Teesdale, by Professor 

y, Whiore it alec covura in abale and limestone, altered 


ere: Dike cutting through chatk,—In several parte of the 
eounty of Antrim, ins the North of Ireland, Chall with fonts ie 
‘traversed by basaltic dikes. Tho chalk ix thero converted into 
rs marble near the basalt, the change sometimes extend- 
‘or 10 feet from the wall of the dike, being greatest pear 


2 ‘Tranmetions, vol. + Cumbridise Ty 
pennies nm ie tidize Teamvactions, va ik 
TMA vel i. ptl0. 
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their combuatiblo naturo, be alfocted in an extraordinary degree 
by the contact of melted rock. Accordingly, one of the green 
stone dikes of Antrim, on passing through a bed of coal, reduces 
it to a cinder for the space of # fect on cach side, At Cockfiold 

the North of England, « similar change is observed. 
Specimens taken at the distance of about 30 yarda from the trap 
are not distinguishable from ordinary pit-coal; those nearer 
tho dike are like cinders, and have all the charactor of coke ; 


‘of the igneous rocks may often arise from an original oe 

in their temperature, and in that of the ontangled gases, auch as 

im ascertained to prevail in different lavas, or in the same lava 
distance from it, 
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voleanio rocks of the present day, auch as 
fall on the country and do not influence the 
Soin the geological periods the tuila and 
the breccins covered atrata in vast deposits, more 
stratifed, and no metamorphism resulted. § 
‘illustration (fig. 595), fram the Lower Carboniferous 
Linlithgowshire, a black abate (1) is at the bottorn, 
has the remains of torrvstrial planus ; and there are olner 


ce 


H 
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Tnterstestified voloanlo tuff and shale. 
(After Geikie) 


Probably the marine deposits of old wore more fragmental than 
those which occurred on land, 
Columnar and globular structure.—(ne of the character 


exhibit curved surfaces of articulation ; in ; 
angles of one division of a column are found to project and 
form processes which fi 


stream, the thick straight articulated columns 
the lower, and the stnallor earved forms in the 


and well-known features of the Isle of Staffa; it 
seen in many lavas of more recent date. 


Tt being assumed that 2 ear 
8 fluid state, the prisms are said to be always at 
. surfaces, ¥ 
being ei perpendicular or are curved, 
of this phenomenon 


France, where, in the midst of 
encounters unexpectedly several 
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wand acorive. From the crater of one of these cones, called La 
Coupe d'Ayaac, « stream of Inva has dencendod and oovupied 
the bottom of a narrow valley, except at those points where the 
river Volant, or the torrents which join it, have cut away por- 
tions of the solid lava, The accompanying sketch (fig. 56) 


‘Levee of La Coupe d’Ayone, near Antralyno, bo the Department of Ariovhe, 


‘the rommant of the lava at one of these points, It ix 
clear that the lava once Giled the whole valley up to the dettod 
Vine da: but the river has gradually swept away all below that 
line, while the tributary torrent has laid open « transverse seo- 
tion ; by which we perceive, in the first place, that the Lava is 

oor poe es Pip. ton, 


ich presont 
‘themaelres om the sides of the valleys in the hilly region north 
‘of Vieenzs, in Italy, and at the foot of the higher Alps." 
‘Wulike those of the Vivarais, last mentioned, the basalt of this 


, * Fortin, Mees. var 'Tist. Nat, de I'Italie, tom. & p, 233, plate 3. 





472 COLUMNAR STRUCTURE. ow, xen, 


country was evidently sntenariiny snd and the present valleys have 
aince deen hollowed out by den 

‘The colomnar structure is peer Leypapeoiicne a 
rocks of tho basalt type ; it is also obaorred in 
other aeldic, felspathic rocks, although in these it is 
hibited in such regular polygonal forma, and never with tte 
ball and socket joints, which form so conspicucus a feature in 
many basalticcolumna, It hax been already stated that basaltic 
columns are often divided by cross joints. Sometimes ead 
segment, instead of an angular, assumes a spheroidal form, 
usually produced by weathering, so that a is made up 
of a pile of balls, usually’ flattened, as in the Cheeso-groito ab 
Bortrich-Raden, in the Eifel, nenr the Moselle (fig. 508). ‘The 


a Sa “Coben ‘Height of grotto, from en te eka ee 
‘basalt there is part of a small stroazm of lava, from 30 to iP 
feet thick, which has proceeded from one of several yokouilt 
ornters, still extant, on the neighbouring heights. 

Tn some tnasses of decomposing basalt, greenstone, andother 
trap rocks, the globular structure is 40 comspionous that the rock 
has the appearance of a heap of large axnnon-balls, 
to M, Delesse, the cantre of each spheroid has been a 
crystallisation, around which the different minerals of the rote 

thempolves symmotrically, during the rota 
ing. But it wasalso, he says, a centre of contraction, | 
by the sane cooling, the globalar ae; therefory, of 
roids being the combined result of crystallisation 
tion.® To this same contraction we may attribute » 


® Delesse, Sur ler Koches Globuleuses, Mem. de ta Soe oe 
2 sér. tom. iv. Gee 
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of colummar structure in sedimentary strata, such as volcanic 
ash, shale and sandstone, which have been heated by the proxi- 
amity of volcanic dikos. 

‘Mr. Scrope gives as an illustration of this siructuro a 
resinous trachyte or pitchstone-porphyry in one of the Ponsa 
islands, which rise from the Medi- 
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position ; 
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of rocks are four: Ist, sxperposi 

without alteration of the rocks in contact: 
ee ; 3nl, mineral charncters ; 4th, included 
of older 


cH 


iginally in @ much greater degree than the 
moderns volcanic rocks Of one region, auch as that of the Andes, 
differ from those of another, such as Italy, but because all rocks 
‘permeated by water, especially if its temperature bo high, are 
liable to undergo a alow is. 

Although subsirial and subnarine denadation remove, im 
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felspar mere rich in silica 
‘emitted, and the eseape of the more augitic kinds: 


NICHTHOFEN'S VIEWS, 
through 
here 


ee 


3 
E 
q 
2 
Le 
i 
i 
a 


ume volcano, _aheieed oieoncltgrierr ot ine Deon 

‘one lava-stream, or, a8 before atated, of one contingons mass of 

ee ene ie eee 
Pare l paeny ap ead geben hod 

has given the subject of the suecession of volcanic 

ol peson and Europe Lapeer He 


ahaa mineral composition and texture. 
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not, in the curvings of strata, due to crust movements of know 
age. 

‘Test vy inciuded fragments.—Where the evidence & 
superposition alone would be insufficient, we may sometimes 
discover the relative age of two trap rocks, or of an aque 
deposit and the trap on which it rests, by finding fragments of 
one included in the other, It is also not uncommon to find 
@ conglomerate almost exclusively composed of rolled pebliles 
of trap, nsxocinted with some fossiliferoun stratified 
in the neighbourhood of massive trap, If the pebbles 
generally, in mineral charucter with the Intter, we ary 
enabled to determine it» relative age by knowing that of tbe 
foasiliferous strata associated with the 
origin of such conglomerates is explained by observing the 
shingle beaches composed of trap pebbles in modern yoleances, 
as at the base of Etna. 

Pout-Tertiary volcanic rocks.—I shall now solect exes 
ples of contemporaneous volcanic rocks of successive geological 
periods, to show that igneous causes have been in ip 
past ages of the world. ‘They have been perpetually 
the places where they have broken out at the earth's 
and we can sometimes prove that these areas which are ® 
grest theatres of volcanic action were in a state of 
quillity at remote geological epochs, and that, on the 
hand, in places e 


of time, there has been an entire suspension of 

in historical times, The most recent voleanie rocks in | 
British Islands are those occurring in the 

North of Ireland, and the lowest rest upon 

They are products of three distinct periods of 

with a strong show of probability may be correlated: 
Eocene, Miocene, and Pliocene respectively,* but the d 

has been such that uo perfect cones or craters have b 
served. 


other quadrupeds now extinct, inhabited 
Feeuviue.—I have traced in the ‘Principlon 
? Jadd, Secondary Recks of Seot- Hebrides. 

land, H. Aneient Volcanoes of the vol. xxx. p. 
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CHAPTER XXX. 
ADE OF VOLCANIC KOCKS—continiced. 
Wleanto rorks of the Miccene Period —! 


‘the boight of 1,200 foot above the level of the sea, 


faring and volcanic formation constitutes the fan 
of the neighbouring island of Porto Santo, forty miles 
from Madcira, ana is thore clovated to on equal height 
and covered, a4 in Madeira, with lavaa of subwérial origin. 
Phe largest number of feasils have been collected from 
tulfs and conglomerates and some beds of 
jaland of Baixo, off the southorn extremity 
‘The species amount, in this single locality, to more 
4A which about fifty are mollusen, but many are onl 
‘Bome of the shells probably lived on the spot 
vals between eruptions, and some may have boon 
the water or sir together with muddy ejections, 
down ugsin, have boen deposited on the bottom of 
hhollowa in some of the fragments of vesicular lava, of whi 
componod, are partially Alled 
inter, being thus half convertod into amygdaloids. 
the fossil shells common to Madeira ana Dato 


l 
fee 


: Fer 
ai 














the summit of Mont Dorw in some part of the Miocene 
‘These Miocene lavas had accumulated to a thickness of nm 
1,000 fect before the ravine wsa cat down to the level 
wiver Couxe, a river which was at length dammed up 


to bo charged with red mud, and covered with dead Gah over a 


wide area.* 
‘Tertiary volcances of Ireland and the Hebrides,—In al! 
r ‘4 voleanio ares stretehed from the North of Ireland, 
northwards, to the remotest Hebrides, and far into 
the Atlwntic, reaching to Greenland in the far north, during the 


ee 
flows of basalt, vast intrusive dikes, beds of 


cxorinceous material, ash, and Inpilli, found in the North of 
Treland and the Hebrides, ani the colammar basalt of the Giant's 
Canseway and of the Isle of Staffs, attest the former volcanic 
activity which occurred on those areas. The basalts frequently 
reat on old soils and secondary rocks, ‘The wariace of the chalk 
in the North of Ireland, covered and altered by the tosalt, the 
‘Weds of soil baked into bright red porvellanite, and the mamun 
sof vegetable matter in Ireland and the Hebrides converted into 
thareoal or remaining as lignite, prove thet the old lavaa flowed 


2 Princigies of Geology, ehap, xxvil Lith of 
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much of the Bala ago, ard all that of the Linndeile, 
and part of tho Arenig epoch of Wales, 

‘The Snowdonian hills, in Caernarvonshire, consist, in great 
part, Of voloanic tuffs, the oldest of which aro interstratified 
with the Bala and Llandeilo beds. There are contemporaneous 

ia ers, which altered tho alates on which 

doubtless been poured out over them, in a 

the slates which overlie them, having 

tho lava had coolud and consolidated, 

tion. But thore are groenstones 

it formation, which, although they are 

often conformable to the slates, are in reality intrusive rocks, 
‘They alter the stratifiod deposits both above and below them. 
Voleanio netion oocurred largely during the formation of the 


Walk of the wholo, Cuder Idris, the Arans, Arenig Mountains, 
and others are thus built up. 

‘Cambrian voleaste rocks.—(n tho western flank of the 
Malverns in Herefordshire, some black shales belonging to the 


are interatratified with thin sheets of rest 

Java that were probably erupted beneath the sea contem- 
with the deposition of tho maddy sediment, The 

shales. benesth the volcanic rock are white, as if calcined 
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and elsewhero, is a vast volcanic series, the 
flows of which have been altered to» 


i 





500 PLUTONIC ROCKS, (on ars. 


structure, the columns being truly at right 

with the dike, Some niey: dikes send off | 

dolorites are ont through ‘stralve ae 

in its tara, is again cut and penotented by es ee 
AM! these trap rocks appear to be of Lanrentinn date, a8 the 


volcanic origin, is a point very difficult to 
which has undergone so much metamorphic 


CHAPTER XXXII. 
PLUTONIC ROCKS. 


Photonic roeks formed at great depths—Kinds—Geanite group—Sewmery of 
Granitic countrie—Denudation of Granite—Tore—Rede — 
structare—Eeporure of Granite ty gre dandstiog a soma 
Granite vein+—Different ages of Plutonic rock+—Test by 
—Intrasion and alteration—Mineral ion toslotell 


‘Tue plutonic rocks may be treated of, next in order, as bs are 
most nearly allied to the voleanic class already di 
have described, in the firat chapter, these plutonic rocks am the 
unatratified division of the crystalline or hypogene formations, 
and have stated that they differ from the volcanic rocks, not 
vnly by their more crystalline texture, but also by the absence 
of vuifs and breccias, which are the products of eruptions at the 
«arth’s surface, whether thrown up into the air or the sux 
‘They differ also by the absence of pores or cellular gavities, te 
which the expansion of the entangled pee pve cosa 
lavas. 

From these and other peculleritios, than base Sgtaeeeann 
the granites have been formed at considerabls depths in the 
earth, and have cooled and crystallised slowly, yy enc ea 
sure, where the contained gases could not expand. ‘The yol- 


from’below, have cooled from a melted state mere rapidly upon 
or near the surface, From this iypetlesle ob Sa hese ae 
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Tho surface of the reck is for the mest part in « crumbling 
state, and with bosses here and there; and the hills are often 
surmounted by piles of stones, or Tors, like the remains of « 


Pig. 7. 


Mass of granite near thn Sharp Tor, Conca 
stratified mass, as in the annexed figure, and sometimes fhe 
heaps of erratic boulders, for which they have been mistakes: 
‘The extericr of these stones, originally quadrangular, acquirass 


‘Granite having « cubolital and rnge colunoear scructare, Tani Bat Commi 


rounded form by the netion of air and water, oe ee 
angles waste away moro rapidly than the widoa, 
the general peculiarity of granite to comes deter 
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it i nevertheless ocensionally subdivided by fissures, 80 aa to 
aasume a cubvidal, and oven s columnar, structure. Examples 
of these appoarances inay be seen near the Land's End in Com- 
wall. (See thy. 608.) 

‘The foot of the granite having disintegrated, and much of 
it having been carried off by wind, rain; and sometimes streams, 
the highest point of the tallest tor or pinnacle represents the 
former level of the undenuded surface of the country, so that 
the present surface lovel on which the tor rusts, hax been the 
result of the denudation of ages. Other rocks have been worn 
away before the granite became visible, and it has become so 
by @ vast process of natural uncovering. In the instance of 
the more or lew central granites of mountain chaina, the rock 
thas participated in the movewents which have crumpled and 
folded the crust of the carth, and have forced up deeply seated 
stroctares amidst great curvatures. Subsequently, enormous 
denudation has laid the rock bare. These remarks hold good 
for the other Plutonic rocks; and it must be understood that 
where any of them have been discovered, they present the ap- 
pearances of having been forced upwards as intrusive masses or 
‘veins, The original rock underlying everything else, has not 
teen traced in position, and granitic veins are found in the 
lowest visible rock masses, 

Granitic voins.—I have already hinted st the close analogy 
dn the forms of certain granitic and trppean veins ; and it will 


Fig. 600. 


found that strata penetrated by plutonic rocks have sudfered 
changes very similar to thove exhibited near the contact of vel- 
conic dikes. Thar, in Glon Tilt, in Scotland, alternating strata 
of limestone and argillaceous schist come in contact with s mass 
of granite. The contact does not take place as might have been 
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vconsidernble distance. As a general rule, however, granite 

borers ae mde of the globe are mere sinuous in their 

stomp ‘They present similar shapes at the 

fjnost northern point of Sootland, and the southernmest ex- 
of Africa, us the annexod drawings will show. 


‘and various peculiarities of mineral composition. One 
Leeper Meare rinks roll 


‘is a red granite, which penetrates tho dark 
everywhere in veins.’ 
13 ix a sketch of » group of granite veins in Cornwall, 


Domaine ros peeing arog hcshlaote sain, Cnr silver Cerny Cormeall 


muin body of the granite is of  porphyritic appearance, with 
aes falaari ut in the voles it is fine-grained, and. 
erystals, ‘ie usa eight of the va 

Reyes eyiee bet mess ae ak higher. 
"The granites, syonites, divrites, felsites, and indeod all 
platonic rocks, are frequently observed to contain metallic veins 
‘at or near their junction with stratified formations, On the 


# SacCalloch, Syst, of Geol, vol, __ § PhiL. Mag. and Amaals, No, 27, 
hp ow oa New Sele ae 
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‘coming up of voing to the surface and the alterations which have 
oceurred in the rocks which have not yet been denuded off, 
On the diferent ages of the Plutonic recks.—It has 


coeereesien) by contraction, with or 
curves. It is probable that 
th 
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it must be remembered that the dolerites, dinbases, 

modern Jnves contain ininerals, some of which are not found in 

Ao ieee Goan peerage Again, there is no 
inatance of granite veins perforating strata lately 

tion of strata of any aye may have vcourred upon eabatquecdly, 


Such strata, however, would not have been metamorphosed, nor 
would they be found intruded upon, by veins. 


strata of every age are mot with reposing 

tonic rocks; as at Christianin in Norway, 

Heidelberg on ee ivoay well aceon 
whore the New Red Sandstose forma- 
om grunite. In theso, and similar instances, inferi- 
position is connected with the superior antiquity of 
The crystalline rock was solid before the sedimentary 
superimposed, and tho lnttor weually contain rounded 
of the subjacent 

by 
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ie af thn pert in activity during former periods of the 
earth's history, and those which are exhibited to us at the 
day, ‘There are strong grounds for believing that the 
of Arran and the Mourne Mountains in Ireland are of 

same age as those of Skye, Moll, Rum, &e. 

Ina former part of this volume (p. 237), the great Nummulitic 
formation of the Alps and Pyrenees was referred to the Eocene 
period, and it follows that vast movomonte which have raisod 
those fossiliferous rocks from the level of the sea to the height 
‘of more than 10,000 foot above ita level have taken place since 
the commencement of the Tertiary epoch, Here, therefore, if 


Tiglonof tha loltiost chain in Europe. Te was talopeds aa 
instill credited by some geologists, that in the Swiss Alps, even 
the Ayeh, or upper portion of the nummulitic series, has been 
ooeaxtonally CS phe asap wc heotely 
ieoeeeeeenitts Fee hak ‘At is stated that even the 

Eberron olds 


tho Tertiary age of granites in dis- 
turbed areas, such ns those of mountain-chains. For inversions 
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in this part of the Alps that their original position is often 
‘Therefore the age of the granite in doubtful. 
Platonic rocks of Carboniferous Period.—The granite of” 
Dartmoor, in Devonshire, was formorly 


position, and as containing true coal-plants and 
‘Trilobites of the Phillipsio group, are now known to be members 
‘of the Carboniferous series. This granite has broken through 


alate, and, therefore, as modern ns the Carboniferous 
strata, if not newer, 
Plutonic rocks of Silurian Poriod.—It has been, 
thought that » veryanciont granite near Christiania, in Norway, 
i in date to the Lower Silurian strata of that region, 
ite exact position in the Palooznic series cannot be 
defined. Von Bueh first announced, in 1813, that it was of 
sewer origin than certain limestones containing Orthocorata and 
‘Trilobites. ‘The proofs consist in the penotratien of granite veins 
inte the shale and limestone, and the alteration of the strata, for 
distance from the point of contact, both of these 


FiSt 
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granite, which is more modern than the Silurian 
sends reise into an uncient formation of 


itd 
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METAMORIHICG ROCK, 


‘The terms Metamorphic and Meeamorphésm applisd to rocks—Local or 
Regional motamorphicm—All clawen of mocks 


phiam, further examples reganiing Sowiliferour and carbonaceous moks 
—Geikie’s summary of local sree ee rocks metainorphosed— 
‘Metamoribic rocks altered — metamorphic rocks — Gnelss, 
Mice ruses Clepaite yale: TaloachiseMerslends sche Quart 

site, Hallefiinta, Torcelianite, Crystalline limestono—Mecamorphosed: 
granite—Gabbro—Diahase—Serpentiner. 


‘We have now considered all the classes of rucks, except the lust 


result of the metamorphisin of the others. The term 
otter implies that rocks have changes of 
cheanjcal, minoralogicsl, and textural kinds, and that their in- 


Naples. The flowing, 
(neta neat Haptnoat ules vinet aig ti 
arene we blision Wb aloe solutions, alter- 
‘thom chemically and mechanically. Similar changes occurred, 

‘under the mune circumstances in the geologic ages, and may 
De taken ae examples of local or contact metamorphism. But 
exanining tho rocks in the midst of great mountain chains, 


_serpontines, s€c., 
rooks hare bean subjoctod to raat 








of Sénarmont, Daubrée, Doleaso, Schoerer, Sorby, Sterry Hunt, 
and others, we are led to infer that when there are large volumes 
of matter in the earth, containing water and yarious acids 
intermely heated under enormous pressure, these subterranean 

will gradually part with their heat by the escape 
and various gasos through fissures, producing hot 
j or by the passage of the same through the pores of the 
‘and. injected rocks. Even the moat compact rocks 
before they have been exposed to the air and 


perntigyt 
uleut! 


gases, 
carer 


only asa vehicle of heat, but alao by its 
cates, which, when somo of tho matorials 
are decomposed, form quartz, felspar, 
As for quarts, it can be produced 
holding silicates 


The 


are other 

sorbs, and 

‘Tho water 
for 


Me 
Hit 


of the quarts, are all softened ; and new combi- 
(aie pal he ad a hres pe = 
Tho power of subtermncan gases is well illustrated by the 
pales of BK. Calogers in tha Lipert falands, where tha horisrotal 


# See Principles, Jaden, ‘Carbonated Springs,’ ie. 
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Other goologists of great reputation belicve that these ery- 
stalline schists arid gneiss aro metamorphosed sedimentary and 
other rocks, heat, pressure, and chetnical action having been the 
agents, The application of the doctrine that the modern ex- 
suuplo inust he songht in order to explain the ancient pheno- 

mena, is fall of difficulty. For, a3 will be noticed farther on, 
the the geological data on which comparatively modern regional 
weetamorphisn is asserted are full of doubt, aml indewd have 
been contradicted by tho Intest authorities. Local metamor- 
phism can be studied at the present time, but the question 
spies Ta sly login to argue from it regarding regional 
changes! Modern research tends to the belief that the most 
metamorphosed rocks are the oldest, und that there isa same- 
news of mineral composition in altered rocks of the same age. 
Bat some of the most able geologists deny the truth of these 
Propesitions, assert that rocks of even Tertiary age have been 
highly metamorphosed regionally, and boliove that tho age of 
motamerphic rocks is not to be limited. That some highly 
metamorphic rocks are the oldest visible, such as the Laurentian 
gneiss of Canada, is beyond doubt, and it is evident that there 
are inica-schists and hornblende-achista, and other crystalline 
rocks, of age older than the Cambrian. One school of geologists 
patria the! highly metamorphosed rocks to this age. Another 
Recognises very metamorphic rocks in the North-west High- 
Jands, for instance, giving them a Lower Silurian age. In the 

the lowest sedimentary rocks are of Carboniferous age. 
Where are the other and preceding strata, which are well de- 
yoloped in many places on the European area! Represented 
by the metamorphic xocks, ia the answer : they have been meta 
amorphoesd. On tho southern side of tho Himalayas, Tertiary 
rocks rest upon avast thickness of metamorphic rocks, bat om 
the north all the sedimentary series, from the Silurian to the 
Miocene inclusive, are found, Were these all the missing 
strata metamorphcaed on the south? Thoso are questions which 
the student will gradually understand, and he will recognise the 
difficulty of stating the truth definitely, 

Bosides local and regional metamorphism, the phenomena of 
which should bo carefully kept separate, changes hare occurred 
in rocks of all ages, and in those now forming, in which there 
thas been more chemical than mechanical action. The formation 
of limestone into dolomite, the production of coal from vegeta- 
tion, and tho silicification of calcareous rocks and fomils, and 
the formation of red chalk, are familiar examples, 

‘These might be termed simple chemical alterations in atrata, 
Dut in the instance of dolomite the criginal limestone bas 
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becomes a white granular marble near the granite, sometimes 
Sarge tarwetare satentiag us catidaly raped 
of 400 yards from the junction ; the corals being for the most 
part oblitornted, though somotimea preserved, even in the white 
marble, Both thealtered limestone and hardened alate contain 
garnets in many places, also ores of iron, lead, and copper, with 
nome silver. These altertions ocour equally, whether the granite 
invades the strata in» tne parallel to the general strike of the 


ape ameter ar oe 
‘The servis imabcnte Ohe diy, wt the oblique Times the srehe of the bee. 


héda, of in u tine at right angles to their strike, both 
‘of which modes of function will be acen by the accompanying 
tpl G1).* 

granite of Cornwall sends forth veins into a coarse 


Appearmaces are well scen at the junction of the granite 
wad killas, in St. Michael's Mount, a small island neatly 300 
Oo gece at rare ole tenaec tlt 
‘The granite of Dartmoor, in Devonshire, saya 
tn Beche, has intradod itself into the Carboniferous 
waty sandstone, twisting and contorting the stmta, 
veins into them. Henee some of the alate rocks 
‘becoms ‘ micacoous ;' cthers more indurated, and with the 
charactors of mica-alate and ynetea ; while others again appear 
converted into « hard zoned rock strongly impregnated with 
* 


SeateSE Aire birmeror kre tha phsocoane 6fIood etamnrobionn 
tore beautifully illustrated than in the Western Isles of Scotland. 
Profesor Judd has pointed out that in this neighbourhood greet 
4 Keltha, Grea 5 61-8, 
‘Sato ae 
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{with the cal, beroning lite, yuloweriye Heh, and 

tact |, becoming w! recs rae it, ann 

friable. This white trap has had its crystalline structure 

noarly destroyed and much of the ime and silica removed, snd 
‘the iron remains an ferrous carbonate. 

Professor A. Geikic summarises the effects of local meta- 

SF Sa il aed mle So entre 
strata, have undergone an internal 


fopeteeeting ta thet of granita? One point of 
Rima bald theb 
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with here and there a speck of mica and grain of quartz, [The 
dark layers are composed of grey quarts and black mien, with 
ocasionally a grain of felspar intermixed. ‘The rock splite meat 
eanily-in the plane of those darker layers, and, the surface thus 
exposed is almost entirely covervd with shining spangles af 
mica. The accompanying quartz, however, greatly 

in quantity, but the most ready cleavage ix determined hy the 


Pragmuent of enol tira uz ntl soe at rab mais tot 
abundance of mica in certain parts of the dark layer, Sometimer 
instead of consisting of these thin lamin, gneiss is simply 
divided into thick bods, in which the mica has only a alight 
dogroe of parullelinm to the planes of stratification. 

It is thon very undistinguishable from granite, affording an 
argument in favour of those geologists who regard all pert 
syenite not as igneous rocks, but as aqueoas formations se altered 
a to have lost all signs of their original stratified arrangement. 
‘The tenn Granitoid Gneias is employed for these specivens, 

‘Some gneisses, on the contrary, are very fissile. 
minerals occur, and some of them give tho name to the kind 
gneiss; tho commonest are hornblende, tourmaline, garni, 
apatite, and sometimes one or other of the usual minerals m 
be in excess, notably mica, Hence there aro ie 
gneiss and mica gneiss, When the mica is absent, or meatiy 
20, garnet being present or not, the rock is called Granatite, and 
the red and milky-white folin of the Malvern kinds are veny 
beautiful. Garnet rock, kyanite rock, and other: are 
characterised by special accessory minerals. The 
gueias and granite is maintained by most geolowiste, amit the 
rooks diffur in their method of origin. Gneiss is neror found ae 
an eruptive rock, all oxsinples being of granite whieh ‘haa beet 
subject to preware. Granite is occasionally intrusive pwn 
and includes masses of it, Protogine, ® massive 
geies, ia the so-called granite of the Alpa. Te haw 
magnesian mica altered so #8 to resemble tale, a 
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‘Mica-sehist, or Micaceons sehial, is, noxt to gneiss, one of the 
most abundant rocks of the metamorphic series, It is slaty, 
essentially composed of mica and quartz, the mica sometimes 
ee eee This rock passes by 

into other achintowe rocks ; by the addition 
ers isaecainiotgnin eater co garter 
inerease of chlorite it passes into chlorite schist, The mica ia 
useally Muscovite (potash mica), but biotite or magnesian mica 
may oceur, It is in wavy Inzuine of thin plates, and ocours as 
spangles, or as continuous plates, and the rock usually «plits open. 
slong the micaceous folix. The quartz may be granular, and the 
aati dakachs enki ofl quaved eid” Sorby has seen indica- 
‘tions of tipple marks. Bods of pure quarts also occur in this 
formation. In some districts, garnets in regular twolve-sided 
crystals form an Integrant part of mica-schist, 

Clay-sate—Argillareowa schist ~ Argillite—Phyllite—This 
Tock sometimes resembles an indurated clay or shale. It is for 
the moat part extremely fissile, often rooting 
slate. Occasionally it derives a shining and silky lustre from 
‘the minute particles of mica or tale which it contains. Tt varies 
from greenish or bluish-grey to a lead colour; and it may be 
‘said of this, moro than of any other achist, that it is conmon 
to the metamorphic and feasiliferous series, for some clay-slatos 
ee 
‘ilneral characters alone. 

Cilorite-echist green slaty rock, in whieh chlorite is 


dominates. Tt may contain felspar and quarts, and usually has 
‘29 unctuous feel and a white or greenish colour. It must not be 
Wistaken for # rock with a hydrous mica. peer nara (oie 
foliated rock containing a large amount of miberal after 
which it is named. 
Horeblendle-eNid is usually black, and composod principally 
‘of homblende, with a variable Se a eee 
‘thines grains of quartz. When the schistore character dis- 
Sarasa stars Sixanels E es DS 


Pe etiestiesAL tau nnty Fisted ruck, comgod chilly of 
‘selinolite, an emerald-grocn mineral (allied to hornblende), 
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Glaystone ik» more or lose decomposed form of felstone, 
and probably ifullejlinta should bo noticed here rather than 
where it is usually placed amongst the altered sedimentary rocks. 

Gobbro somotimes suffered alteration, the felspar being con- 
verted into hard white minerul allied to «uswurite, and the 
diallage'into homblende. It is then called Hornblendic gabbro. 
‘Troktolite is an altered gabbro, the felspar being anorthite, ani 
‘the diallage has been more or less converted into serpentine, 

In most works, all the very old intrusive basalts and dolerites 
are called Diohase, for those rocks have been slightly 

ifed during the long ages which have passed since their 
day of intrusion and flowing, A chloritic mineral has boon de- 
veloped. If thoir augite is converted into uralite, the rock is 
termed Uralite disbase. The formation of white trap has already 
been noticed. Volcanic tuflk undergo alterations, and when 
acidic are called porphyroid, and when basic achalstein; the 
‘rocks are more or leas schistose. 

Serpentine is an altered intrusive rock, originally a basalt, 
trap or dolerite, with olivine. Professor Bonney, after notic~ 
ing that » number of rocks are improperly so tarined, limits the 
serpentine to the type af those of the Lizard in Comwall. A cou- 
pact massive rock of dull brown, red, and green tintx, in which 
glittering crystals of a certain variety of enstatite are frequently 

Sas. The serpentines mainly consist of silicate of mag- 
‘nesia, with iron oxides, and about 12 per cent. of water, Lastly, 
#t im to be noticed that intrinsic mineral changes oceur in 
granites, gneisses, and very old plutonic rocks, without much 
visiblo external change. The alteration of crystals of felapar 
into kaolin, the original shape remaining, ia an example. The 
extreme of thia procom of replacement, i* accompanied by con- 
siderable modification in the character of the rock and its de- 
struction. 


CHAPTER XXXII 
METAMORPHIC nocks—cuntinwed, 


Definition of slaty cleavage and Joint—Mechanical theory of cleayage— 
Conilessattion and elongation of ‘slate rocks by Interal pressure—Laeminn- 
Hon of some voleanie rocks due to motloe—Whether the follation of the 
‘exystalline schints be usually parallel with the original planes of atratifi- 
catioa—Examples in Norway and Scotleed—Causes of irregularity io 
the planes of foliation, 


‘We have already seen that physical energies have froquently 


acted with great intensity upon all classes of rocks long subse~ 
uM 
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quently to their consolidation, and we may next inquire whether 
the component minerals ‘of the altered rocks usually arrange 
themselves in planes parallel to the original planes of stratitica- 
tion, or whether, after metamorphism, they more commonly 
take up n different direction. 

In order to estimate fairly, the merits of this question, wo 
must firat define what is meant by the terms cleavage and folia- 
tion in rocks, 

Btaty cleavage.—Professor Sedgwick, whose easay ‘On the 
Structure of Large Minoral Masson’ firsteleared tho way towanls 
n better understanding of thin difficult subject, observes that 
joints are distinguishable frou: lines of slaty cleavage ii this, 
that the rock intervening between two joints lias no tendency to 
cleave in a direction parallel to the planes of the joints, wheres 
rock is capable of indefinite subdivision in the direction of 
its slaty cleavago. In cases whore the strata are 
planes of cleavage are atill porfectly parallol. 
observed in the slate rocks of part of Wales (see 


& 


SSS Sa miaee 


consist of a hard greenish alate, The true bedding is there 

dicated by a number of parallel Presbipelor zs t= 

some of a darker colour than the genoml mass, Some stripet 
of stratificatia, 


taining peculiar organic remains. Some of the 

are of a coarse mechanical Srehia cae th oa 
crystalline chloritic alates, in which case the same alaty 
extends through the coarser and finer beds, though it is be 
out in greater perfection in proportion as the 

Tock are fine and homogensous. It is only when the 
coarse that the cleavage planes entirely vanish. In the’ 
hills scseehaiaars ee Pay at a epee 
angle to the planes @ strata, ints) 

Se ree 30" to 40°. Sometimes the cleavage 
towards the same point of the compars as thoee of 

but often to opposite points.’ The cleavage, as 

fy. O21, is generally conatant over the whole of any 


* Geol. Trans, 2nd series, vol, iii, j, 461. 
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‘by one great set of disturbances, as if the «ame lateral pressure 
which caused the crumbling up of the rock along parallel, anti- 
lina, and synclinal axes caused also the cleavage. 

Profesor McKenny Hughes remarks, that where a rough 
clearago cute flagntonos at a considerable angle ta the planos of 
stratification, the rock often splits into large slabs, acroas which 
the Lines of bedding ure froquently seen, but when the cleavage 
planes approach within about 15° of stratifieation, the rock is apt 


‘Seotion tn Tower Silurian states of Cantiguahire, showing the deavage plates 
ent along Magivea) 


‘the junction of the beds. CT. aK 


to split along the lines of bedding. He has also called my 
attention to the fact that subsequent movements in a cleaved 
Tock sometimes dray and bend the cleavage planes along the 
junction of the beds, indicated in the annexed section (fig. 622), 
Pig. 422. 
> 


Seratiteation, jotets, ant chevrage. 
(rom Muesbieetn's “Siterlan Syvlem,’ ps 268), 


‘The relation of cleavage planes to joints is seen in fig. 623. The 
Jointa TF, are yarullel, SS are the lines of stratificat DD 
‘are livies af slaty eleweage, which 
angle tu the planes of stratificati 

‘Mechanical theory of cloavage.—Professor Phillips has 
remarked that in romeslaty rocks, affected by cleavage, the form 
of the outline of fossil shelle and Trilobites has been web 
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of Crystalline Sohtets.—Aftor studying, in 1835, 
rooks of South America, Mr, Darwin proposed. 


it may appear to the eye quite or 
homegenoous, Foliation may be used for thoao alter- 


ous observations made by Mr. David Forbes in the same 
country (the best probably in Europe for studying such phe- 
nomena ona grand scale) confirm Keilhan's opinion, In Soot- 
land, also, Mr. D. Forbes has pointed out a striking case whore 
the foliation is identical with the lines of stratification in rocks 


mica, s0 that the rock is often scarcely distinguishable in 
aspect from gnuins or mica-achiat, ‘Tho stratification ia shown 
By ely 0 lar tan Tipe al ping 
the folis, at an angle of 32 degrees N.E.? In stratified 
formations of every age we seo layers of siliceous sand with or 
without mios, alternating with clay, with fragments of shells or 
‘or with seams of vegetable matter, and we should expect 
attraction of like particles to favour the orystallisa- 


se 


‘li 


* Nomke Mag. Naturvidsk. vol. 166, 18655, 
Lp. E + Quart. Journ, Geol. Soc. vole 
* Quart. Jears. Geel, Sec, vol, xi, xvii, 1661, p 32. 


a 








xem) METAMORPHIC ROCKS. 537 


CHAPTER XXXIV. 
THE DIFYEREXT AGES OF METAMORPHIC ROCKS. 


J idee Lap aay gente two schools 

iam—Grealer accuracy if surveying, and greater petro 

Nett Knowledge required=-Regicnal metamorphism stated to be of 

iataeel age, and eres to te of ‘ertinry date by one schosl—Stated to 

te maitlr Arckwan, and not Post-Palimowie, by the ether—Kegional 

metamorphism in the Alps, Himalayas, Apennines, and North-west of 
‘Boutlané—Sameness of hypogene and rezionally metamorpbosed 


ateata has been perverted, and is often not to be recognised. 
‘The mineral character of the altered rocks affords a glimpse 
of the required truth to wome geologists, but aot to others, 


they may be of Silurian, Devonian, and even of Secondary and 
‘age. Again, care must be taken not to confuse booal 
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When discussing the ages of the igmeous rocks, we have seen 
iat maples Doone OE ENT ee and tertiary 
deposits converted into metamorphic strata near their contact 
with granite, There can be no doubt in these cases that strate, 
once composed of mud, sand, and gravel, or of clay, mz], and 
shelly limestone, have for the distance of several yards, and in 
some instances several hundred fee, been ames ee 
mica-schist, hornblende-schist, chlorite-schist, 
statuary marble. It may be eaxy to prove the identity of = 
difforent parts of tho mine stratun—one where the rock Bas 
been in contact with a roleanio or platonic mass, and has been 

into marble or hornblende-schist, and another pot far 
distant, where the ame bed remains unaltered and fossiliferoas, 

But in the instances of regional metamorphism extending 
over hundreds of squaro miles, and including parts of mountaine 
chains, the difficulty of deciding the age of the 
in great. Greater accuracy of details is required, and niver 
careful geological surveying is absolutely nocessary, oars 
‘two opposite theories of the age of regional 
be satisfactorily settled. Formerly, as already Wed ae 
universally believed that any form of 
of metamorphic actlon ent USE any penegeale 
that if was not unreasonable to edit Chat changes! of alias 
gone character were now progressing, 

But it in taught by some very distinguished geologists that 
regional metamorphiam of a docided character, exhibiting 

gneisses and extremely schistore rocks, was palaazoie at the 
pes and that much of it append before the 
strata were laid down. Modified metamorphism of a 
charactor occurred later, but still notin the Mesozoic ages, Te 
in denied that igneous rocks graduate into the 
it is asserted by this school of geologists that the 
antagonists are founded wpon ill-observed details, and apon the 
of local and regional metamorphism. = 

With regard to the firat theory, all the rosults of lie 
‘of great mountain masses in the first half of this cantury| 
to prove its truth, But more accurate observation, and 
eareful surveying, haa decided against the Mesowoie 


of some hic vocks. At the same 
ic canbe etd work han: att the quseeher eh 
mea arent myesbrpartyel | A 


important districts in th ‘Id—for instance, the 
Highlands and the Hismalayes, 


Secondary, and even of Eocene ago, 


| 


| 
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appears nearly 

tones, which in ore turn are overlaid by 

aang, Dealanebon ebay ‘The superposition of the 

Raeteaotesis ocizica) Bab hae beens beoughi about ly trettare 

at along an anticlinal. Similar great inversions 

seen in the Valley of Chamounix, where secondary lime- 

stones dip at a high angle toward Mont Blanc, and plunge 
benoath ite crystalline 


schists. Similar inversions oceur in the 


15,000 feet long, which I examined, nut only resting upon, but 
oye abhi paella oolitic fossils, These 


am partly be explained by suppesing 

wedges of intrusive gneiss to have been forced in 

laterally between strata to which I feand them to be in many 

sections unconformable, The superposition also of the gneiss to 

the oolite may be due to a reversal of the original position of 

tho bods in a region where the contortions have been on #0 
a scale, 

Favre, of Geneva, to whom we owe so much 
correct knowledge regarding the Alps, traces the origin of 
from a time when palwomio rocks of Carboniferous 
cir Leds of coal and plant remains, wore deposited 
submerged region et eee 
of the strata contain the denuded remains 


ATHEE 
el 


folded, faulted, inverted, and then schists were forced. 


3 Quart, Journ, Geet. Soe. vol. 7. 246. 
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and 4,000 feet thick. In these ancient grits no fossils have 
been found, but they are suppxwod to bo of Cambrian date, for 
Sir R. Murchison found Lower Silurian strata resting uncon- 
formably upon them. Those atrata consist of quartzite with 
aunelid burrows, and limestone in which Mr. Charles Peach was 
Pee Lee sae orikion species of Orthocenas, also 

genera Cyrtoceras and Litwites, ta bese GE Mine sata, 
(al spa abe ptremaigel es 


States. They are doubtleas of Aronig age, i 

Raimmay, and Professor A. Geikie have taught that all the 
Suolsses and achiets and othor crystalline atrata, seon to the east- 
ward, which overlic the limestone and quartzite in question, are 
referable to some part of an altered or motamorphosed Silurian 
series. 


Theae Scotch upper metamorphic strate aru of gueins, wien: 


sad petrloginta whe teach that the gucia is either single or mny 
be in tro sories, but that in either cago the metamorphiamn ws 


dMotamerphic strata of elder date than the Silurian and 





CHAPTER XXXV. 
MONERAL VED. 


Ditlerens Kinds of occurrence of ores, and mineral yelns—Ordinary motal- 
liferous veins or lotes—Their frequent coincidence with fralts—Prootk 
that they ecicinated in fissures in solid rock—Veins shifting other veins 
—Polishtag of their walls or ‘slicken-sides "—Shelts and pebbles In lodes 
—Bridence of the aucsemive enlargement and reopening of reine 
Examples in Cornwall and in Auvergne—Dimensions of veine—Why 
seme alvervately swell vot and continct—Filling of bodes by rablimation 
from below —Suppoved relative age of tho precious metals—Coppar and 
Toad veins im Ireland older than Coruih tin—Lead vein in Lins, 

ire—Gold in Russia, California, Australia, and New Zealand 


Glamorgambi 
Origin of mineral reins. 


‘Tux manner in which motallic substances ure distributed through 
‘the earth's crust, and moro especially the phenomena of those 
tore or less connected masses of ore called mineral veins, frou 
which the larger part of the precious and other metala usod by 


nun ie obtained, are subjects of the highest practical itmpar- 
tance to the miner, and of no less theorvtical interest to tho 


metalliferous orve and other minerals which are of use 
to man may be noticed to ocour in three manners. Some, such 
as the brown iron ore and olay ironstone of the Carboniferous 
formation, were formed contemporancously with the deposits 
which contain them. They are interstratified, and are often in 
Jenticular masses. In the Zechstein, copper was disseminated 
oe tho stmta, probably at the time of their deposition. 

‘Other metalliferous ores occur in crystalline rocks and schists, 
for instance, beds of iron ore, irom pyrites, and auriferous 
pyrites, ‘Those wore formed at the same time as the layers of 
quartz, sulca, felspar, and other minerala, amongst which they 
Tie. Bonides these lenticular doposits, the teks contain minerals 
diffused in their mass, such ns Magnetite and ‘Titaniferous irom 
in the basaltic rocks and diatases, The last method of distriba- 
tion was by the introduction of ores and crystalline minerals, 
subsequent to the consolidation af the reeks, in cavitiow and 
fissures. 

On different kinds of mineral veins.—The mineral veins 
with which woe are most familiarly acquainted, are those of 
quarts and eortonate of lime, which arv often observed to form 
lenticular massos of limited extent traversing both hypogens 
strata and fossiliferous rocks, Such veins appear to hare once 
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another fracture accompanied by a displacement of the rocks 
along the plane of bb, This new opening was then filled with 
minerals, some of them resembling those in aa, as fluor-spar 


Fig. 626, 
a 


Copper’ Tin 


Fig. 627, 





‘Vertical sections of the mine of Huel Peever, Redruth, Cornwall. 


and quartz ; others different, the copper ore being plentiful, 

and the tin ore wanting or very scarce. We must next suppose 

a third movement to occur, breaking asunder all the rocks along, 
NN 


country above, or with the bed of the sea, is 

aap of well-rounded pobbles in them, 

in superficial alluviums, as in Auvergne and 

ie ine fossil shells, also, hare been found at great 
ire probably been engulphed during submarine earth- 
‘Thus, the late Mr. Charles Moore described load-veing 

the Carboniferous limestone of the Mendips in Somer- 
Seat iet das ag ware tod se Mee enerae 
mumication with tho Linssic sea, for he found Lins fossils in 
thom.’ Tn Cornwall, Mr. Carne mentions truo pebbles of quartz 
alste in atin lode of the Relistran Mine, at the depth of 
600 feet bolow the surface. They were cemented by tinstone 
and copper pyrites, and were traced over a space more than 
12 foet long and ns many wide,* When different seta or systems 
veine occur in tho namo country, those which aro aupponod to 
be of contemporaneous origin, and or nc filled with the 
mune kind of metals, often maint general parallelisen of 


erent Phil. ep a ' walt UT pote 


Journ. Ged. Sor, a Somat i 3 








‘That such changea havo repeatedly occurred, is demonatrated 
hy the occurrence of occasional cross-veins, implying ne Esiee 
fractare of previously formed chemical and mechanical deposite, 
‘Thus, for example, M. Fournct, in his description of some mines 
in Auvergne worked under his superintendence, observes that the 
granite of that country waa firat penetrated by veins of massive 
granite and then dislocated, so that open rents croased both the 
granite the granitic veins. Into such openings, quarts, 
accompanied by iron pyrites and arscnical pyrites, wns intro- 

wr convulsion then burst open the rocks along 
fracture, and the first act of deposits was cracked 
ttered, #0 that the new rent waa filled, not only 
frgmenta of the adjoining rocks, but with pieces 
veinstones. Polishod and striated surfaces on the 
or in the contents of the vein also attest the reality of 
movements. A new period of repose then ensued, during 
various sulphides wer introduced, together with quartz 
variety known as horn-stone, by which angular fragments 
older quartz before mentioned were cemented into a 
_ This period was followed by other dilatations of the 
and the introduction of other sets of mineral de- 
aa of pebbles of the basaltic lavas of Auvengno, 
superficial alluviums, probably of Mioosne or evan 
okder Pliocene date. Such ropeated enlargement and 
of veins might have boon anticipated, if we adopt the 
fissures, and reflect how few of them have ever been 


ft 
ie 


which 
of the 
of the 


ETLET 
iy 


‘of metalliferous veins have their opposite 
parallel, and sometimes over a wide extent of 
country. But many lodes in Cornwall and elsewhere are ex- 
variable in size, being 1 or 2 inches in one part, and 
pr fexin another, at the distance of a few fathoms, 
then again narrowing as before. Such alternate swelling 
tt contain i fen arctan ort ea 
walls of fissures in general, observes Sir H. Do la 
rarely perfect planes throughout their entire courae, 

expect thom to be so, since they 
pass through rocks of tmeqan) hardness and ditferunt mineral 
If, therefore, the opposite sides of such irregular 
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fissures slide upon each other, at a eee 
as in the case of so many mineral veins, the parallelian of 
opposite walls is at once entirely destroyed, as will be readily 
econ by studying the annoxed diagrams, 
Let a, 5, fig, 632, bea line of fracture traversing a ruck, and 
Ty. oo 
SS 
ie. Oe 


let @ b, fig. 631, represent the same line. Now, if we eut is 
two a piece of paper representing this line, and then move the 
lower portion of this cut paper sideways from a to a’, taking 
care that the two pieces of paper still touch each other at the 
points 1, 2, 3, 4, 6, we obtain an irregular aperture at o, and 


isolated cavities d @ d, and when we compare such figures 
withJnature we find that, with certain modifications, they re 
present the interior of faults and mineral veins. Tf we move 


to be choked up with clay, stones, and 

points where it depurta mont ‘widely: 
cality. Hence at places, much as a, fig. SS, the miner teeing 
that the ores are ‘nipped,’ or greatly reduced in. ' 
space for their free deposition having been interfered 
consequence of the preoccupancy of the lode by earthy, 
‘When lodea aro many fathoma Koper 
the most part with earthy matter, and fragments of rook, 
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through which the ores are disseminated. The metallic sub- 
stances frequeatly coat or encircle detached pieces of rock, 
which oar miners call ‘homes’ or * riders.’ That we should 
find some minora] veins which split into branches is also aate- 
ral, for we observe the aame in regard to open fissures. 
Chemical deposits in veins.—If we now turn from the 
mochanical to the chemical agencies which have been instre- 
wental in the production of mineral veins, it may be reruarked 
that those parts of fissures which wore choked up with the rnins 
‘of fractured rocks mustalways have been filled with water ; and 
almost every vein has been the channel by which hot 
common in countries of voleanoes and juakes, 
have made their way to tho surface. For wo know that the 


are nevertheless observed to burst out along great lines of up- 
hheaval and dislocation of rocks.’ It is also ascertained that, 
among the substances with which hot springs are impregnated, 
much as are volatile also occur in the gascous emanations of yol- 
emnoes. The wholo of these are also among 


‘moved. 
Although we ore led to infer, from the foregoing reasoning, 
7 Soe De, Dinbeny’s Voleanses 
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seen, the sme fissure, after having teen once filled, has fre- 
Sener mene xespies ov eniazgn. Sterry Hunt remarks that 

the process of filling veins has beon going on from the eatlicst 
ayes. Wo know of some which wore formed bofore the Cambria 
recks were deposited, while others aro atill forming, It does 
nob appear, however, that certain metals have been produced 
exclusively in earlior, others in more modern tnwe—that tin, 
for example, is of higher antiquity than copper, copper than 
lead or silver, and all of them more ancient than gold, 

In the first phice, it ia not true that veins in whieh tin 
abounds are the oldest lodes worked in Great Britain. The 
Government Survey of roland has demonstrated that in Wex- 
ford, veins of coppor and lead (the latter as usal being argon 
tiferous) are much older than the tin of Cornwall. In each of 
the two countries a very similar series of geological changes has 
excurred at two distinct epoche—in Wexford, before the Do- 
vonian strata were deposited ; in Cornwall, after the Cartoni- 
foros epoch. To begin with the Irish mining district: wo 
have granite in Wexford, traversed by granite veins, which 
‘Veins aleo intrude themselves into the Silurian strata, the same 


Silurian rocks as well as the veins haying boon denuled before 
i Next wo find, in the 


through the granite and the veins before mi 
‘but have not penetrated the Devonian rocks, Subsequently to 
eaten eeins 62 coves net Sead eco rrodaieds esca 

date certainly posterior to the Silurian, and anterior to the 
Darian for they do not onter the latter, and, what is atill 
more docisive, streaks or lnyers of derivative copper have been 
found near Wexford in the Devonian, not far fromm points whore 
sminen of copper are worked in the Silurian strata. 

Although the procise age of such copper lodes cannot be de- 
fined, wo may safely affirm that they were either filled at the 
else of the Silurian or commencement uf the Devonian period. 
Besides copper, heal, and silver, there is some gold in those 
ancient or metallifervus veins. A few fragments also 
of tin in Wicklow in the drift are supposed to have been 
derived from reins of the same age.” 

Next, if wo turn to Cornwall, wo find there also the 
tmonuments of a very analogous sequence of events. First 
iciemestaiwes fore; than; ntipab tha mms. pacity malda Al 
fine-grained granite, often tortuous, penetrating both the outer 
crust of granite aml tho adjoining Palaceoic fomiliferous 


9 Sir H. De ts Beche, MS, Notes ou [risk Survey. 








‘strata, as well as in auriferous gravel derived from the same, In 
Queensland, according to the researches of Mr, Daintree, the 
suriferous lodes ary entirely contined to these districts which are 


il 


the gold of Australia is found in diorite dikes, in Upper 
and Devonian rocks, Auriferous pyrites impregnate 
especially nesr their points of contact with the other 
quartz veins with gold intrude into the diorite, 
surface of the dike han been exposed to terrestrial or 
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Fee 
5 


See oe en cp only in very: auall quam Basalts 
have overflowed the aroas of denudation during tho later ter- 
tiary times, and have proserved the gravels. Although gold~ 
quartz veins are found in New Zealand, of Cainozoic 

age; you in Auntralis no gold-benring dikes exist of Gecontary 


froin thu veins, In Australia it lias boon worked successfully 
only in alluvium, but in veinatones in the native rock, 
‘generally consisting of Silurian shales und alates. It has beet 
continent orar mare than nine dagrocs of lttude 


wf fuviotle ecigin ead of two distinc 
more t or Pliocene gravel deposit had been 
= erg hep anges over it from the 
the higher part of the Sierra; whilst the Inter 
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Darvia’s S. America, p. 209, mech i re 
Quart. Journ. Geol. Soe. vol, 
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different levels in the earth’s crust, and communicating, some of 
them with volcanic, others with heated plutonic masses, be filled 
with different metals, it will follow that those formed farthest 
from the surface will usually require the longest time before 
they can be exposed superticially. In order to bring them into 
view, or within reach of the ininer, a greater amount of up- 
heaval and denudation must take place in proportion as they 
have lain deeper when first formed and fitted. A considerable 
series of geological revolutions must intervene before any part 
of the fissure, which has been for ages in the proximity of the 
plutonic rocks, so as to receive the gases discharged from it when 
it was cooling, can emerge into the atmosphere. But I need 
not enlarge on this subject, as the reader will remember what 
was said in the chapters on the chronology of the volcanic and 
hypogene formations. 
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APPENDIX. 


In onler to curtail this work, and also to afforl information to the 
student, descriptions of the commonest rock-making minerals, and 
of the rocks usually met with, are placed in this Appendix. A few 
rocks have been noticed in the body of the book. 

The Editor has gleaned from the works of l’rofessors Bonney and 
Geikie, and from those of Messrs. Dana, Bauerman, and Rutley, and 
he acknowledges this very thankfully. 
pine foregving table is principally due to the late David Forbes, 

RB. 


ROCK-MAKING MINERALS. 


Silica is a dioxide of Silicon, and occurs in at least three 
different conditions,! each marked by distinct physical and crystal- 
lographical characters. Hexagonal tetartohedral in Quartz, | Ithom- 
metric in Asmanite and Tridymite. “Amorphous in 
Opal and Hyalite. Quartz, Si0,; Silicon 46°67; Oxyyen 53-33, is 
nearly infusible alone, insoluble, except in Hydrofluoric-acid, which 
decomposes it, slightly soluble in heated caustic alkaline liquors, 
Its sp. xr. 66, 

‘Fridymite completely soluble in a boiling solution of carbonate 
of soda, with sp. yr. 2-2 3, in minute six-sided crystals in some 
volcanic rocks, Axmanite is Meteoric. 

Opal and Hyalite are amorphous 
qnantities of water. 

Quarts, when in the form of 
is called Rock-crystal, or, popularly, ish Diamond. 
When colvnrel, it is called Amethyst (purple and dark blue); 
Cairngorm and Smoke Topaz when yellowish red and brown. Com- 
mon Quartz includes the opaque or non-transparent kinds, and to it 
belong Rose and Milky Quartz, so called from their tints. Jasper is 
compact quartz, yellow, brown, or red, or spotted, coloured with 
Limonite. Quartzite is a compact white or reddish, opaque quartz, 
and Lydian-stone is a black shining variety. Hornstone or Chert ix 
‘compact, slightly translucent or opaque, with a horny lustre, and 
tints from grey, green, to brown. 
























icas, and have variable 





colourless, 




















1 Banerman, Descriptive Minerulogy, p. 182. 1884, 
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TABLE OF BRITISH FOSSILS, 


‘Tue following tables, which have been slightly altered, were 
drawn up by Robert Etheridge, Esq., F.R.S., for the last edition 
of this work. They refer, as will be seen by the title, ex- 
clusively to British fossils. 

The rise, culmination, and decrease of each Order or Family 
are shown by the gradual swelling out and thinning off of the 
black lines, while the survival of certain Orders or Families up 
to the present day is indicated by the reappearance of the black 
line in the Recent column, even when a gap in the British strata 
(as for example in the Oligocene column) makes it appear as if 
such forms had died out. This method of indicating by black 
lines the rise and development of a fossil form was, I believe, first 
introduced by Bronn, adopted by Louis Agassiz, and afterwards 
constantly used by Edward Forbes in his geological lectures. 

The table shows the range of all the chief Classes, Orders, 
and of many of the most important Families. The enumeration 
of Genora would occupy far too much space, although the 
information would have been extremely valuable. Some slight 
alterations have been made in this issue—for instance, the 
Oligocene replaces the Miocene. 


TABLE OF BRITISH FOSSILS 


ILLUSTRATIVE OF THE SUCCESSIVE APPEARANCE 
AND DEVELOPMENT IN TIME OF THE CHIEF ORDERS, CLASSES, OR 


FAMILIES OF ANIMALS AND PLANTS IN BRITAIN. 


N.B.—The colamn headed ‘ Recent’ indicates the survival of certain classes 
‘arid families (the Marvapialia and Palms, for example) in some portion of the 
lode at the present day, and not exclusively in Britain, 
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ILLUSTRATIVE OF THE SUCCESSIVE APPEARANCE 
AND DEVELOPMENT IN TIME OF THE CHIEP ORDERS, CLASSES, OR 
PAMILIES OP ANIMALS AND PLANTS IN BRITAIN, 


YN.B.—The column headed ‘Recent’ indicates the survival of certain classes 
aud families (the Marcopialia and Palms, for example) in some portion of the 
Hobe at the present day, and not exclusively in Britain, 
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NOTE. 


The Succession of the Rocks of the North-Western Highlsnds— 
The relation of the fossiliferons Lower Silurian strata of this region 
to the metamorphic rocks has been noticed in Chap. XXVIIT. of this 
edition, and the conflicting views of Murchison and many other 
geologists regarding the succession are stated on pp. 453 and 44. 
Dr, Callaway’s theory, which has resulted from very careful surrey- 
ing, is given there in illustration of the belief of many of the ablest 
geologists of the day. Whilst these pages were passing through the 
press, the Director-General of the Geological Survey of the United 
Kingdom withdrew his assent to the views of the great man to 
whom Geology owes so much. It will therefore be necessary for 
students to study the opinions of Dr. Callaway only, and these will 
be found on p. 454." 

Mr. Searles Wood, F.G.S. His lately described an Older Pliocene 
deposit at St. Erth, north-east of Penzance. 


THE EDITOR. 
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Onsorw oF Species er Muaxs ow Narenat Sucecttox; of, the 
‘of Favvured Ices in the Stzeggle foc Life, Weodeuts, 
Green fen Fe ke 


Hinstrations, Peat Bre. Be 
Ensscvs Danwre, With a Study of bis Works by 
Buren Kaaren. Portralt. Crown ten. Tr. Gd 
Taces asp Asouaasts ros Daxwin, 
La ober s. 
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GLEIG (G. K) Lite of Lord Clive, Post Bro. $5 Gd. 

Life of Sir Thomas Munro, Post Sve. 89. 6d. 
GLYNNE (Stn Steruex), Netes on the Churches of Kent. With 
Preface by W. H. Gladstone, MP. 


Bait 
GORDON Gra ‘hin 
tem Be Warat et 
ee (apr Derr) Amber-Witeh: A Trial for Witeh- 
=f ore, Be. 
————— French in Algiers, 1, ‘The Soldier of the Foreign 


Legion. %, The Priscoars of AbtelKadie. Post va. 2x 
GRAMMARS. Coatros—HaLr—Heres—Kove Bowan— 


Cabaret 

Puato, and other Companions of 

Amstoris, With additional Bamys Sro, 126 
Muvosx Wenxs. Portrait. fro. 14 

Letres ox Swireentaxo om 1847. 6a, 
Prrwoyat Lar, Portrait. yo. 13a 


GROTE (Mss), A Sketch, By Lavr Eusriixe. Crown S70, 6s 


Baus, Fronons 
Se (ixxnr) WORKS — 


stom of Henry the Se veatte thee Doath 
Edition, 3 Vols. So, 389. Cena 
tents Balition Pont Bre Ye. Oke 
History ov Besors poniwa cas Moocs Aenk, Tairary 
2 Vols. ro. 201, Cabinet dahon, 5 Volk Feat s 
Bulent Bison, Pon Bro. Th 68 
Lirenint Hovorr or Eenore suaino tam 16rn, ax 
Wize Cextemies. Litearg Muito, & Vets, So. a. 
Feat fro. 160. 


a 
moran). Riiusberg : Memorials of Frederick the 
Great amd Fiines Memy of Premds, 2 Yols, Crown tna, te, 
HART'S ARMY LIST. (Polished end. 
HATCH (W. M.). The Moral Phi 
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anos sos ). ),- ihe Con tally of Berlnbans, as Declered. 


nar Gi Besos, Western Barbary, ite Wild Teibes 
‘eel Marage Animals Poot Oro. Be. 

HAYWARD tio eS ee ee 
Coatente: 


Seca 
‘od Oualronomers 


lestrationa, 
Live ov Ste Joux Bexcorwe Pest 8yo, 
Rarw Jovaxnrs acnoas trax Paxras, Poot tr. m 
Bersses vzox tire Buoxses. Illustrations, Post vo, 74 Gd. 
Sroxkas ax Pours; or, tho Londea and North Western 


Poo 
HEBERS (Bisn.y) Jouraaia in India. 2 Voln Post 8ro, Te, 
Posteal Works, Portrait. Fesp. $a. 84 6d. 
Hymea adaptod to the Church Bervion, 1écin, 1a 6d. 
HERODOTUS, Nex Uagla Verion, Zl, wiih Nott 
‘Ttlstariesl, ro 
Rater a ism ae Sed ye | 
Hox. Jems). Mamolr of hia Publle Life 


Berl, Got 4 Vox 


os a 


FOREIGN HANDBOOKS. 
HANDDOOKTRAVEL-TALK. 
DICTIONARY : 
Staneaee Usd inteahor See" 


HOLLAND AND HELOIUM. ‘Map and Plans. 








N 
Suni 


javtor 
Robak, Bsheranper, Anbals, Lahare, Ki 
Poakerae, Bint Attek, Karachi, ite ae 


ENGLISH HANDBOOKS. 
MAND-BOOK—ENGLAND AND WALES. An Alphabetical 
Hand Boot. Comlsmed tute Coe Volume for the Use of Traretiens. 
Withe Map, Postiva 100, 
LONDON, Maps and Plans, 16mo. 24. 61, 


~~ ENVIRONS OF LONDON withia an cireuit of 20 
Mok 2 ¥ oka Crowe tre Fl 


PAUL'S CATHEDRAL. 20 Wosdcuts, 104 il. 
EASTERN COUNTIES, Chelmsford, 


Post Bye. Teed, 
—OORNWALL, Tauncuston, Penance, Fulmorth, 


the Lear, 


Land's Bod, fe. Pest! 
CATHBDEALS of Wi 
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TOUSTOUN (Mus.). Sresty: eons in the Wild West of Ireland, 
or Life tn Connanght, 
HOME AND ee 1AL Lbea 


A Beries of Works 


HISTORY, BIOGRAPHY, AND HISTORIC TALES. 


1, SIEGE OF GIBRATTAM, By 
Jouw Datrewaren. 81. 


RINE AMDRR-WiTch By 
Lar Deve Goset, 

* CROMWELL AND BUNYAN. 
By Roorst Sorrarr, th 


4 LIP Ror Sex FRANCIS HRARE 
By Jomm Hasson, 2s 


MOANpALaNy 45 gee: 


1. THE FALLOF THE JESUITS. 
A LIVONIAN TALES % 
6. LIFE OF CONDE. By Lean Ma 
yon. Be OL 
20 BALES BRIGADE By Rav. 
GK Game, Be 


| % TES, siPges oP VinKNA, 
‘Lone Eiamewaan, Be, 


a mie, WAYSIDE CROSS. By 
Mnwaz. 


» sgtTotedr Omm LIrE 

14. THE RATTLR o” WATERLOO 
By Ker, G1 Gumo, 0.8 

4s AUTOMIGOMAPLY OF BTRE- 
PENS, 


THe ‘Snarises Forts. Br 
‘THomss Camramts, 


a7, HISTORICAL TEAR. By 
Loan Manom Sa Gi 

A LIVE OF LORD CLIVE, By 
RAY.G. B. Garin Be. 


VOYAGES, TRAVELS, AND ADVENTURES. 


1, BIBLE IN SPAIN, By Gnonae 
oanow, Ba Oh 
% OY POLES ce SPAIN. By Oncwon 
Koasow, 
rrr ZOURNAG TUNDIA. By 
Tsinor Tixawe 2 Vee Tas 
& TRAVELS mcrae HOLY LAND, 
Dyk 
6 Moo A ‘AND THE uooRs. 
By J. Davao Max. 
T. LETTERS PROM tHe BALTIC. 
Dy A Lact. tH 
2 NRW SOUTH WALTA, Ny Mae 
Masecern. 2s, 
0, TIE WEAT INDIES, By 3.0, 
Law. Be 
1. SRETOMES OF FERSIA. By 
Sin Jous Maiowan. Bs Bf, 
iL, MEMOIRS OF FATHER RIPA. 


wain Trpes axp oMoo. Ry 
Heawace Mevenan. 9 Vols. Tr. 


14, LETTERS FROM MADRAS. By 
‘A Lavy. 3s, 


26 HIGHLAND SPORTS. By 
(Cuasums Sr. Jour. Bi. Od. 


it, PAMPAS JOURNEYS. By 
‘¥, Bh teap, 2, 
|ATHERIN 
OA (03 FROM SPAIN, 
THE RIV) 
Wis Eemaae a? 
*. MANNERS & CU salud 
INDIA, By Rev. CeaaapD 35, 
2. ADVENTURES IN MEXICO, 
By G. F. Moh 
M2. FORTUGAL AND GALdotA, 
8 BUSH LIFE IN AUNTRALEA. 
By Key, Ik. W. MAvGARTM, FA 
1 TER LIBYAN DESERT. By 


Smee Leone. "ar A tao 
ot 
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LANE (E. W.), Acovant of the Manners and Castoms of Modern 
wit So. EBs. 


Tiestratioas, 2 Vou. Poet 
LAYARD (Sir A. HL), Nineveh and Its Remains: Researckes and 
‘Dimerarte enh the Maken of Learn: With, Mentcatonn (Post 


— bala ond ate Discoveries in tho Bulua, 
‘with Tegra te Areasts, unllatas, aad the Desert, With Iiustrw 
‘With the 


1, 6. 


Misslosary Travels in Aska Minor. 
\ieaey aed Archactogy. ‘Map ant 
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MARTIN Life of att, U 
all 5p TaecbeET), ol Lyndhurst, threo 


Cdancetice of Letters sed Papers in 
pesteauin ef bis famtty, twine Pectalte oie et 
MASTERS tn English Thoology, Lectaros doliverod at Ki 
Cay a ty ee roe Wa ito 
MATTHIMS Guaxx Gaasan Abridged by Bromrrse 
Revival by Be Caos. Ine. ta, 

MAURELE  Cosracte Actions, and Writings of Wellington, 
uayo (her Span in Seer ee Mareb and Tack 
MELVILLE ia (ima. Marqeeas and Soath Ses Inanda 
uxaebitit (ins, Cuantsa). Noten and Skotches of Now Booth 
MEXIO0.. [See Bosoxunuenet, 


MICHAEL ARO RLO: ae and Architect, His Life 
apd Works, By G.Huara Wises Wik Portralt, Mlusteations, and 


Dndes. 
ba (Cuan Hi, the 
fii ae, ete 


wuts orgs ra 
Theron or van Jews, from ihe eurtlest Fecied down to Modern 
‘Tikses. 8 Vole. 12, 


or 
Tuaxbeee: Ad Sr, Pare! “Urea” Weedeuts Crom 
Qeesr Heaaste Pisctt Orsak. Nene Baa. Gre. Te, tel, 
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Rules 
ED oo ae itty pices ont hn, = Nila 
Crimea, Map. 
ag et ie ‘Leeal Taxation of Greet Britain and 


PALLISER SH (an), “Stato or enumant, or Bilan weed 

jae aad Btedy. With Iiestrationsn Crown tre. Te Gf. 
PALMBR (Proremony Life of [See Haus] 
PARIS a), Ph in Sport made 


PERRY Gv. Caos). late of St Hugh of Avalon, Bishop of 


“History sf the Reglich Church, See Stepan Manusla 
PHILLIPS: Sivek mete With 
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ROYAL SOCIETY. CATALOGUE OF ScleNTIPIC PAPERS, 
a Seach. 3. ea 


trentxtns, 
gears ere Tacha, ie Lifo by G, O, 


ite 
ST. JOHN” Nateral of the 
LT ag Tretia Ea Coenen Soe ‘Chap 


Ee fay mle the Libyan Desert. Post 8vo, 22, 


SALDANHA Cannons. 
BALES (im Hoots) Beige in 4 With ba diprens of 


the Defiance of Jeliadabad. By Rav. GR Guuio. Post Gro, 
SCEPTICISM IN los end the Keasoas for in” An 


Median 80. 
Ules; the and Coan oe ‘Trojans, 
Researcbes mae 0 the Site 


Fram tala Revels of the Latest Researches snd 
Pore siege wine ark heros 
The o Problstorle Palace of the Kings of 
‘vruh  Golewed Lithogreyie, a Tas, a0 
gcHoMBte | tema ae ‘The wee of Homer, rendered 
SCOTT tern 0 Ge) Then aud ee of Medieval 
Wurtratvon 4 ‘Metin #¥a 


“Arestieeture, 
SORUTTON (1. B. Mths Laws of Copyright. An Eeawination 
f the, Peineagog wich shout Literary and Artie Bro- 

Aoi other Comitenn. 27% 


sunodii is Geomeaes rere (Tait to Zee 


SELBON! i (leno) 
SHADOWS OF A SICK 

itmn, S.Ct. 
SEAS OF OF veaales. Diag. ieuie Gaeta ts 
SHAW (f. (t By. 3 wasn 
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SMITHS (Dn, Wu.) ITALIAN COURSE — 


bea Del dana are 


Etymalogieal X 
SMITH'S Ps Wa.) LATIN COURSE:>— 
‘Ture cue, Bosuxrsais Feast Latix Book: Containing the 
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SOUTH (Jous ta ). Homsebold Surgery; ot, Hists for Bmorgon- 
bes, ‘Wooteita Kean Br a Gt 
‘Memotrn of See Faeroe, 
SOUTHEY (Roar). Livros of Bunyas and Cromvoll, Post Sv2. 25. 
STANHOPES (East) WORKS -— 
Hosrear oF Exctaxv yaon ran Retox or fone Avis 10 
wax Peace or Varatsian 1ULSK @yols. Punt Bro. 
Lore or Wrasiax Pier. Portraits, 8 Vola S70, Se 
Mrscetzaitet 2 Vola Post Sr 185, 
Barris Jsvts, reox tes Ontorw zo 1783. Pont Bro, Se Gi, 
Morrone or “Poary-Frva” Post 8ro. S4, 
Hestonscas axo Carncat Kotars. Post 8ro. $4 6d. 


Lore or Connd. Post Sv, 8¢, Gd, 

Sroar or Joan or Asc. Fesp. 8vo. 1s 

Avnneares ox Vansors Occistom 16mo, Te 
STANLEY'S (Deax) WORKS -— 

Strat axn Paunetne, Cvlowred i Sr0, 


‘fee 
STEPHENS ier, w. RW). Life and Times of St Jchs 
CArysoswen. Ae 0) es a ae Xapice te the Poerth 
STRATFORD oe Heb ne HEDOLAPPE (Lana). The Rastera Qeatlon, 
poe Go Pe te rtd Ly ei 
STREREAG. Bh, “Gothic Architsctare in Spein.” Miestrations. 
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STRRE (Yaad eteey ot Tareee dering the French Revelution, 
SYMONDS (Ray, 0 ener of the amt temp! om the 
UD." fee Ban 


TEMPLE @ra Ricwsae). India in 1889, With Maps. 8vo. 16s, 

(lenge na acid ene Cpr 16, ae 

livered an Various Ocesatvan, With Mape sod Woobests Gre ttn. 
THIBAUTS (Avroin) “Pari in Musbal Net. With Peary 
THELAANR Ton “Tourney ‘ibrouph ‘tbe Cuucania to 
im the Thy ant to Neseveb aod 

Tiesoretions, 2 Vola ave. 

sno acai Lineotn’s Inn Sermons 8ro, 10s. Sd. 

——— Life in the Light of Gots Word, Post 8v0, 5s. 
Word, Work, te Will: Collected Kiaays. Crown 80,00, 

ies ‘he Pergnal Adveotares 


and 
evant Fane reen bres 


‘1T80, ated on the Cannes 
TOMLINSON (Oxan) The Soumet: Ite Origa, 
TORRE (Key. H. ¥ Highlands of Torkey, with Visits to Mounta 
Tha OG haven tea tens 2 Vola Ceoms Brn, 
Cy 


TRISTRAM (Cayo). Great Gahara. Hostratlons 
‘of Meab : Travels and Wiscoveries on the East 


TWINING {exr, Toe Tore) Keereatli 


2 
WAH a fe Fa 


Bas pila ty 


‘Speoches in Partlamont, 2 Vols, Gro. 42a. 








